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Abstract 
The Lao People’s Democratic Republic (Laos) is a land-locked nation located in the heart 
of the Greater Mekong Subregion (GMS), sharing borders with five countries; China 
(North), Myanmar (North-West), Thailand (West), Vietnam (East) and Cambodia (South). 
Laos comprises multiple ethnic groups and had a population of 6.3 million people in 2011. 
A large majority of the population in Laos is dependent on agriculture and the use of 
natural resources for their livelihood, and approximately 66% of the total population in 
2008 lives on or below USD 2 per day. Enhancing food security, improving nutrition and 
reducing poverty remain complex challenges in Laos. Improving large ruminant 
productivity has been recognised as one of the most important national issues that can 
provide sustainable growth of the economy and reduce rural poverty and food insecurity. 
However, large ruminant production in Laos remains under-developed and requires 
enhanced understanding of how to manage the many health and husbandry constraints that 
compromise smallholder large ruminant productivity. 
 
This research aims to progress understanding of smallholder large ruminant production in 
Laos by: (1) investigating the epidemiology of Foot and Mouth Disease (FMD) outbreaks 
in northern Laos including identification of FMD hotspots, determining the financial 
impact of FMD on smallholders, and identifying strategies for sustainable FMD control; 
(2) establishing baseline cattle and buffalo production data and addressing potential 
options to improve large ruminant productivity via participatory field research; (3) 
identifying the current knowledge gaps and options for improving practices of Lao 
smallholder farmers and livestock extension staff, aiming for optimal large ruminant health 
and production that includes risk management of transboundary animal diseases (TADs) in 
northern Laos. The research is based on the hypothesis that improvements in smallholder 
knowledge, attitudes and practices of large ruminant health and production will lead to 
improved smallholder household incomes from sale of their large ruminants, leading to a 
reduction in regional poverty and food insecurity in rural Laos. 
 
The study involves participatory applied field research using a combination of practitioner 
communication skills and participatory methods. It ensures the involvement of smallholder 
livestock keepers in assisting both the analyses of animal disease problems and evaluation 
of disease control programs, particularly for FMD. The research methodology involves 
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participatory epidemiology, a series of field data collections and surveys, plus studies on 
extension interventions that are accepted and can be implemented by farmers in the areas 
of animal health, nutrition, reproduction management and marketing. 
 
The study showed that FMD vaccines provided critical protection to large ruminants in the 
project areas during the study period, and the FMD 'hotspot' identification suggested that 
regular vaccination programmes be prioritised in these areas, particularly where there is a 
dense large ruminant population, and animal movements in border areas between districts, 
provinces and countries, are common. Partial budget analysis of biannual FMD vaccination 
indicated an average net benefit of USD 22 and USD 33 for cattle and buffalo, 
respectively. Further the estimated NPV (net present value) of the FMD vaccination 
programme in northern Laos was USD 36.5 million with a BCR (benefit cost ratio) of 5.3, 
indicating a potential economic benefit of USD 5.3 for every dollar invested in the 
vaccination programme. However, vaccination alone is unlikely to control FMD in the 
region. Promotion of multiple large ruminant health and production interventions to 
stimulate interest in biosecurity in addition to vaccination is recommended. 
 
The financial impact assessment confirms that FMD causes significant losses to 
smallholder farmers and the national economy. The financial losses due to FMD per 
household ranged from USD 381 (Xayabouli, XYL) to USD 1,124 (Luang Prabang, LPB) 
(p < 0.001), being 16% and 60% of annual household income, respectively. The variation 
in losses between provinces was due to differences in levels of morbidity, with highest in 
LPB; treatment methods, with antibiotic use common in LPB; age of animals sold and sale 
prices. At the national level, the study estimated the national losses due to FMD during the 
2011 epidemics in Laos as approximately USD 13.5 million, with a range of outcomes in 
the vicinity of USD 103.4 million and USD 6.4 million if scenarios of under- and over-
reporting of FMD are considered. Improving participatory epidemiological capacity in 
Laos may enhance both the quality and quantity of disease surveillance and reporting, 
contributing to improved quality of future economic impact assessments of important 
TADs such as FMD.  
 
The longitudinal study established baseline production parameters of local cattle and 
buffalo, providing evidence of low mean weight and average daily gain (ADG), plus the 
significant seasonal fluctuations of the current production system in northern Laos due to 
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limited feed availability in the dry season, from December to May. The low ADG in 
collections 1 - 2, 4 - 5 and 7 - 8, reflected this seasonal shortage of feed available for 
grazing. Mean cattle weights were significantly higher in high intervention villages (HI) 
than that in low intervention (LI) villages, with the predicted mean weight in HI of 169 and 
197 kg in the data collections 1 and 10, although this data is indicative of the low mature 
weight of indigenous cattle in northern Laos. The study also revealed low reproductive 
rates of large ruminants in northern Laos, with low calving rates (51 - 75% and 41 - 52%) 
and inter-calving intervals (13.6 - 15.7 and 18.6 - 20.6 months) recorded for cattle and 
buffalo, respectively. Further studies of the mature weight, first calving age and herd age 
structure of local cattle and buffalo are recommended. 
 
The carcass composition survey showed there were significant differences in buffalo and 
cattle predicted mean carcass weights between age classification categories (p = 0.003 and 
0.001) but not in dressing percentages (p = 0.1 and 0.1). The carcass weight of buffalo 
ranged from 104 - 176 kg compared to 65 - 84 kg in cattle, with dressing percentages of 37 
- 40% and 39 - 42%, respectively. These were considered relatively low when compared to 
reports of the dressing percentage of buffalo and cattle of 45 - 50% in neighbouring 
countries in the region. Improving the sustainability of the bovine meat supply in Laos 
requires a systems approach, involving improvements to animal health and production, 
livestock marketing, plus the critical development of improved slaughterhouse facilities 
enabling a meat processing sector to emerge. This development pathway is of particular 
importance for building the capacity of Laos to reduce food insecurity and alleviate 
poverty of its largely rural smallholder community. 
 
The farmer knowledge, attitudes and practices (KAP) survey showed an improvement of 
farmer knowledge, particularly in HI villages with a predicted mean of total knowledge 
scores (/42) in the 2012 survey in HI of 28, compared to LI and livestock development 
project (LV) village of, 22 and 17, respectively (p < 0.001). This suggested that improved 
KAP of large ruminant health and production can be achieved by intensive training. 
Although with some farmers yet to apply their knowledge on husbandry and biosecurity 
practices, continued learning support and closer linkage of research and development 
projects to improve extension capacity is recommended. An important finding was that 
despite the importance of introducing multiple interventions, vaccination programmes with 
farmer knowledge training was a priority for working with large ruminant farmers in 
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northern Laos, followed by forage plantation and nutritional management plus parasite 
control. In northern Laos, where FMD is endemic, disease prevention and control has been 
shown to be very important to retain participation in research and development 
programmes. Of critical importance was the extensive training of the livestock extension 
staff to build the capacity of personnel required to deliver training, plus the time available 
for the staff to work with farmers. 
 
This research shows an approach to improve knowledge of smallholders and livestock 
extension staff in large ruminant FMD risk management. Improved public awareness of 
FMD control is a very important step for Laos to be able to improve smallholder large 
ruminant production. In addition to improving biosecurity practices and FMD control, 
smallholder large ruminant farmers in Laos have to address numerous management 
constraints, including: health issues (parasites and endemic diseases, particularly 
fascioliasis, toxocariasis and Haemorrhagic septicaemia control); nutritional deficits 
particularly in the dry season; low reproductive performance and absent or poor breeding 
management; high slaughter rates of pregnant cows; undeveloped trade and marketing 
systems; limited veterinary and extension service capacity; and importantly, failures in 
regulatory compliance. Addressing these large ruminant system constraints is an enormous 
challenge for Laos. However, progressing these issues may offer opportunities for leading 
large ruminant keepers to develop small to medium sized livestock production enterprises, 
offering a viable pathway to alleviate rural poverty and improve food insecurity in Laos 
and the broader GMS. 
 
1 
Chapter 1                                                                                                                                    
Literature Review 
 
1.1. Introduction 
 
Future food security and poverty reduction remain complex challenges particularly with 
rapid urbanisation in developing economies resulting in increasing demand for livestock 
products, plus risks from global financial turmoil and climate change (FAO, 2012; Otte et 
al., 2007; Windsor, 2011). Smallholder livestock farmers may play an important role in 
addressing those challenges as they represent around 20% of the world population and 
farm most of the agricultural land in the tropics covering many developing nations 
(McDermott et al., 2010), including the Lao People’s Democratic Republic (Lao PDR or 
Laos, henceforth; Nampanya et al., 2010; Windsor, 2011).  
 
Laos is a land-locked nation located in the heart of the Greater Mekong Subregion (GMS), 
sharing borders with five countries; China to the North, Myanmar to the North-West, 
Thailand to the West, Vietnam to the East and Cambodia to the South. Laos comprises 
multiple ethnic groups, had a population of 6.3 million people in 2011 with a land area of 
236,800 Km
2
 (FAO, 2012; UNDP, 2012). A large majority of the population is dependent 
on agriculture and the use of natural resources for their livelihood (Ministry of Agriculture 
and Forestry, 2013; UNDP, 2012), engaging in livestock, fishery and forestry activities that 
contributes approximately 33% of the total national Gross Domestic Product (GDP) and 
employs around 75% of the workforce in 2010 (FAO, 2012). Enhancing food security, 
improving nutrition and reducing poverty remain complex challenges in Laos (Windsor, 
2011) where a third of the population in 2012 was undernourished (UNICEF, 2012) and 
approximately 66% of the total population in 2008 living on or below USD 2 per day 
(World Bank, 2013). 
 
Among the agricultural subsectors, livestock production is very important to the Lao 
economy and together with fisheries, comprises a large proportion of the agricultural GDP 
which is projected to rise to 45% of the agricultural GDP in 2015 (Ministry of Planning 
and Investment, 2011). The total domestic supply value of livestock and fisheries is USD 
102.4 million. Approximately 75% of cattle and buffalo produced are consumed 
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domestically, with the remaining 25% (100,000 heads per year including large ruminant 
transboundary movement) exported to neighbouring countries but mainly to Vietnam and 
China (Ministry of Planning and Investment, 2011). At household levels, livestock rearing 
including cattle and buffalo provides up to 50% of smallholder household annual cash 
income (ADB, 2005; Millar & Phoutakhoun, 2008). Improving large ruminant productivity 
has been recognised as one of the most important national goals, potentially providing 
sustainable growth of the economy and reduced rural poverty and food insecurity 
(Nampanya et al., 2010; Windsor et al., 2008). 
 
Despite increasing demand and trading opportunities, cattle and buffalo production in Laos 
is still underdeveloped. Over 95% of animal products are produced by smallholder farmers 
where most large ruminant smallholder farmers in Laos are currently best considered as 
'livestock keepers' rather than 'livestock producers' (Nampanya et al., 2010; Wilson, 2007). 
They use their stock for multiple purposes, including for cash reserves, family 
consumption and ceremonial needs, plus provision of manure for fertilizer. Improvements 
in large ruminant livestock production require that Lao smallholder farmers overcome 
numerous production and management constraints, including: health issues (parasites and 
endemic diseases, particularly Fasciola gigantica, Toxocara vitulorum and Haemorrhagic 
septicaemia, HS); biosecurity and transboundary animal disease control (particularly Foot 
and Mouth Disease, FMD ); nutritional deficits; supply issues including low reproductive 
performance and high slaughter rates of pregnant cows; undeveloped trade and 
marketing systems; limited veterinary and extension service capacity; and potentially the 
impacts of increasing climatic variability and uncertain policy settings (Ahuja & Remond, 
2004; Khounsy et al., 2012; Nampanya et al., 2010; Otte et al., 2007; Pual et al., 2002; 
Stür, Gray & Bastin, 2002; Windsor, 2011). 
 
The pathway for livestock keepers to become more specialised producers requires 
improved farmer knowledge and practices in livestock husbandry and disease prevention. 
The formation of farmer learning groups for development of the animal product sector may 
lead to mainly knowledge-based interventions that improves productivity, increases 
smallholder household incomes and reduces rural poverty (Nampanya et al., 2010). 
However, providing effective interventions requires enhanced understanding of current 
livestock production systems so that  strategies can be developed that can better manage 
the many health and husbandry constraints that compromise smallholder livestock 
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productivity (Nampanya et al., 2010) . This section of the thesis provides an overview on 
current large ruminant livestock development in Laos. A review of available information 
on large ruminant health and production was conducted to identify the remaining gaps in 
knowledge and deficiencies in husbandry practices that limit the supply of cattle and 
buffalo in meeting the increasing regional demand for meat. The aim of this work is to be 
able to offer potentially suitable strategic interventions for productivity improvements that 
can assist in achieving a more sustainable food supply. 
 
1.2. Current socioeconomic development in Laos and the GMS region 
 
Laos is the smallest country of the GMS in terms of population. The country has a 
population of approximately 6.3 million, with 75% of the population participating in the 
agriculture and forestry sector in 2011 (FAO, 2012; The Government of Laos & The 
United Nations, 2013). The share of labour in the sector has slightly declined from 76.5% 
in 2001 (Table 1.1) at a time when there has been an increase in the share of labour in 
industry and construction to 5.5% from 4.8% and in the service sector to 19.5% from 
16.7% in 2010 and 2005, respectively, indicating that labour has gradually shifted from 
agricultural sector to others approximately 0.7% per annum (Ministry of Planning and 
Investment, 2011).  
 
Table 1.1. Total and agricultural population (million) in Laos and its neighbouring 
countries between 2001 and 2011 
 
Country 
/region 
Total population Agricultural population Ag pop to total pop (%) 
2001 2011 2001 2011 2001 2011 
Cambodia      12.6      14.3        8.8       9.4 69.6 65.5 
China 1,307.2 1,378.5    863.2   830.0 66.0 60.2 
Laos        5.4       6.3        4.1       4.7 76.5 74.7 
Myanmar      45.3     48.3      31.7      32.2 70.0 66.7 
Thailand      63.9     69.5      30.8      28.0 48.2 40.3 
Vietnam      79.6     88.8      53.3      55.7 67.0 62.7 
SEA    526.9    594.4    257.7    254.5 48.9 42.8 
Asia-Pacific 3,734.3 4,126.7 1,936.2 1,930.9 51.8 46.8 
Developed countries    149.2    153.2        5.8        3.7   3.9   2.4 
World 6,200.0 6,974.0 2,590.1 2,620.2 41.8 37.6 
 
Source: FAO, 2012. SEA; Southeast Asia 
 
Despite the global financial crisis of 2007 - 2008, countries in the region including 
Cambodia, China, Vietnam and Laos, have enjoyed high annual increases in GDP (Table 
1.2), with a steady growth of 7.2% between 2000 and 2010 in Laos, considered a high 
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GDP growth (FAO, 2012; Ministry of Planning and Investment, 2011; World Bank, 2012). 
This strong growth in Laos is due to continuing expansion of some industries, in 
particularly mining and hydropower, tourism and services (World Bank, 2012), indicating 
the Lao economy has been gradually transforming from a subsistence agriculture and a raw 
material-based economy, to a processing and market-oriented economy. 
 
Despite the emergence and strong development of mining and hydropower sector, the 
agricultural sector is still one of the most important to the Lao economy, sharing 
approximately 33% of total GDP in 2010, the highest in the region (FAO, 2012; Ministry 
of Planning and Investment, 2011; World Bank, 2012). Between 2000 and 2010, the sector 
had an annual growth rate of 3.6% compared to 5.6% and 3.3% in Cambodia and Vietnam, 
respectively. Cattle and buffalo are among the main agricultural exports along with coffee 
and maize (Ministry of Planning and Investment, 2011). Although floods in late August 
2008 damaged around 10% of rice and vegetable production, strong growth of livestock, 
fish farming and tree crops lifted the total agricultural output by 2.0 % in 2008; providing 
sufficient supply for basic domestic needs (ADB, 2009; Ministry of Agriculture and 
Forestry, 2010).  
 
Table 1.2. Total and agricultural GDP (USD million) in Laos and its neighbouring 
countries between 2001 and 2011. 
 
Country 
/ region 
Total GDP Agricultural GDP 
Share of 
agricultural 
GDP % 
2001 2011 
% annual 
growth  
2001 2011 
% annual 
growth 
2001 2011 
Cambodia          3,654        11,242   8.7       1,312        3,809  5.6 37.8 36.0 
China   1,373,698   6,283,257 10.2   180,676    598,813  4.4 14.3 11.0 
Laos           1,731         7,181   7.2          776        2,219  3.6 45.2 32.7 
Myanmar       57.2  
Thailand      122,725     318,908   4.5     11,074       39,507  2.2   9.0 12.4 
Vietnam        31,173     106,427   7.5       7,648       21,901  3.7 24.5 20.6 
SEA      449,436   1,590,047   5.2     66,020     225,657 3.3 13.5 14.5 
Asia-Pacific   8,625,928 19,626,575   4.1   528,923 1,382,564  3.0   6.4   7.6 
Developed 
countries 
51,99,686   6,762,517   1.0      88,291     87,396 -0.9   1.7   1.3 
World 31,969,873 62,587,016   2.7 1,077,650 2,428,940  2.5   3.7   4.3 
 
Source: FAO, 2012; SEA, Southeast Asia; GDP, Gross Domestic Product. 
 
Despite strong economic growth, Laos remains classified as one of the poorest countries in 
the world, ranked 138
th
 out of 187 world countries in 2011, according to the Human 
Development Index (UNDP, 2012). Approximately two thirds of the total population of 
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Laos lives in rural areas, with 66% of the total population living on USD 2 per day (World 
Bank, 2013). Poverty reduction is still the main challenge for the Lao government although 
the poverty rate has been gradually reduced, from 34.0% to 27.6% in 2003 and 2008, 
respectively (The Government of Laos and the United Nations, 2009, Table 1.3). In this 
review the term poverty refers to rural poverty ‘characterised by a lack of sustainable 
livelihood including vulnerability to food shortages, reduced ability to meet family 
subsistence requirements, low levels of asset formation, education and health’, and is 
mainly found in mountainous areas of the northern provinces. In addition, 28% of the Lao 
population was classified as undernourished (Figure 1.1), considered one of the highest in 
the region (FAO, 2012, UNICEF, 2012). A recent survey on risk and vulnerability among 
households in Laos showed that 28% of children between the ages of 48 and 59 months 
were underweight and 51% of the children in this age group were stunted in growth 
(Ministry of Agriculture and Forestry, 2013). 
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Figure 1.1. Proportion of the population with undernourished in 2012 
Source: FAO, 2012, UNICEF, 2012 
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There are considerable variations in the rate of development and poverty reduction 
between provinces and regions in Laos. The poverty rate is higher in uplands than in the 
lowlands and in villages than in cities, particularly in the northern region where 
approximately a third of the population in the region is still living under poverty (The 
Government of Laos & the United Nations, 2009). Poverty is more visible in these areas 
due to remoteness, lack of infrastructure and services (roads, schools, health care services), 
as well as lack of sustainable livelihood where more than 80% of the land in the northern 
region is mountainous (The Government of Laos & the United Nations, 2009; 
Thongmanivong & Fujita, 2006) and travel within the region is difficult, especially in the 
wet season. The central and southern regions are located in lowland areas, comprising 
alluvial plains, located along the Mekong and its tributaries. Roads are better and access to 
markets is less difficult for many lowland farmers. The northern upland area is not only the 
poorest region in the country but also experiences the slowest rate of poverty reduction 
(Ministry of Planning and Investment, 2011; The Government of Laos & the United 
Nations, 2009). 
 
Rates of poverty by selected provinces and regions have been tabulated (Table 1.3). 
Poverty is an overwhelmingly rural phenomenon in Laos, with high concentrations in the 
remote and mountainous north-eastern and eastern borders with Vietnam, where smaller 
ethnic groups predominate (The Government of Laos & the United Nations, 2009). This 
area includes, Huaphan (HP), one of the poorest provinces with half of the population in 
the province still living below the poverty line in 2008. The Lao government and 
development agencies have put considerable effort into reducing poverty and improving 
the living standards of many Lao farmers in the mountainous areas. In 2005, the 
government launched a specific poverty reduction campaign, the National Growth and 
Poverty Eradication Strategy (NGPES) (The Government of Laos & The United Nations, 
2013). The NGPES aims to provide a framework for growth and development in Laos, 
especially in the poorest districts. The government has classified districts, based on the 
current development in each district, into three categories: not poor, poor and the poorest 
districts. 
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Table 1.3. Poverty rate (%) by selected provinces and regions in Laos, 2003 - 2008. 
 
Selected province 
/ region 
Poverty rate Change  
2003-2008 
Change per annum 
between 2003-2008 2003 2008 
Huaphan (HP) 51.5 50.5   -1.0 -0.2 
Luang Prabang (LPB) 39.5 27.2 -12.3 -2.1 
Xiengkhoung (XK) 41.6 42.0    0.4   0.1 
Northern region 37.9 32.5   -5.4 -0.9 
Central region 35.4 29.8   -5.6 -0.9 
Southern region 32.6 22.8   -9.8 -1.6 
Total 33.5 27.6   -5.9 -1.0 
Urban poverty 19.7 17.4   -2.3 -0.4 
Rural poverty 37.6 31.7   -5.9 -1.0 
 
Source: The Lao government and the United Nations, 2009; Ministry of Planning and Investment, 2011. 
Note that the calculation of poverty rate in the central region excludes Vientiane Capital. 
 
When discussing economic growth and poverty reduction it is also important to consider 
income inequality. The Gini coefficient is commonly used as an indicator of income 
inequality; a Gini coefficient of 0 represents perfect equality, and a number of 100 
represents perfect inequality (Zhuang, Kanbur & Rhee, 2014). Trends in developing 
countries particularly in Asia, suggest that many countries in the region have recently 
become less equal with Gini coefficients increasing from 30% to 35% in Laos and 32% to 
43% in China between 1990 and 2010, respectively (The Government of Laos & The 
United Nations, 2013; World Bank, 2013; Zhuang, Kanbur & Rhee, 2014). An economic 
simulation has revealed how poverty reduction has been affected by rising income 
inequality. Had inequality not been increasing the poverty headcount rate at the USD 1.2 a 
day poverty line, would have been below 28% instead of exceeding 31% in 2008 in Laos, 
and 5% instead of the actual 13% in China (Zhuang, Kanbur & Rhee, 2014). This indicates 
that increasing income inequality has negative impacts on poverty reduction and limits the 
potential impact of economic growth on addressing poverty. 
 
Changing from traditional cultivation to new technologies to provide improved livelihoods 
from agriculture is challenging for upland farmers. The majority of farmers in the northern 
region have used subsistence practices including 'slash-and-burn cultivation' for many 
years (Collis, 2004; Ministry of Agriculture and Forestry, 2010; Rasul & Thapa, 2003). 
This traditional method of growing sticky rice is very labour intensive and time 
consuming. It usually takes 7 - 8 months per year from late April to late November for a 
crop to be established and harvested. Providing an alternative option to slash and burn or 
shifting agricultural practices for upland farmers is very challenging and places demands 
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on both the Lao government as well as the farmers. Farmers will not stop their traditional 
farming practices without being provided with better options as their family livelihoods are 
at risk when trying new practices. Cattle and buffalo production has been proposed as one 
of the most important alternative options that can provide sustainable growth of the rural 
economy, reducing poverty and improving food insecurity (Ahuja & Remond, 2004; 
Collis, 2004; Ministry of Agriculture and Forestry, 2010; Nampanya et al., 2010; Wilson, 
2007; Windsor, Soun & Khounsy, 2008). 
 
1.3. Current and future prospects of cattle and buffalo production in 
northern Laos 
 
1.3.1. Current cattle and buffalo production in northern Laos 
 
1.3.1.1. Cattle and buffalo production systems 
 
The total domestic supply value of livestock and fisheries has been estimated at USD 102.4 
million, with approximately 75% of cattle and buffalo consumed domestically and the 
remaining 25% (exceeding 100,000 head per year including large ruminant transboundary 
movement) exported to neighbouring countries, mainly Vietnam and China (FAO, 2005; 
FAO, 2012; Ministry of Planning and Investment, 2011). The farm gate value of large 
ruminants in Laos of USD 836 million was estimated based on the total national herd in 
2011 (Young et al., 2014) . 
 
Although rice production dominates the agricultural sector and accounts for 40% of land 
under cultivation (FAO, 2012), livestock production (including cattle and buffalo) is an 
important part of the Lao economy (Khounsy & Conlan, 2008; Ministry of Planning and 
Investment, 2011), contributing up to 16% of total GDP (when fisheries is included) and 
providing up to 50% of household annual cash income (ADB, 2005; Ministry of 
Agriculture and Forestry, 2010; Ministry of Planning and Investment, 2011). Rice and 
vegetables are grown primarily for family consumption, whereas large ruminants are kept 
as a reserve for cash and are sold when money is needed. Animals are also used for family 
consumption and ceremonial needs (e.g. weddings and festivals), fertiliser for crops, 
participation in cultural festivities (eg bull fighting) and decreasingly, for draught power 
for transport and cultivation (FAO, 2005; Millar & Phoutakhoun, 2008; Nampanya et al., 
2010; Stür, Gray & Bastin, 2002). In rural communities, the numbers of cattle and buffalo 
along with the area of cultivated land, are an indicator of family wealth. The more large 
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ruminants a family owns, and the larger the size of their cultivated land is, the wealthier the 
family is considered within their community.  
 
Despite the economic importance of large ruminants, cattle and buffalo productivity in 
Laos is still underdeveloped, with most Lao large ruminant smallholder farmers currently 
best considered as 'livestock keepers' rather than 'livestock producers'. In the latest Lao 
Agricultural Census data, the average number of indigenous ‘yellow’ cattle (Bos indicus) 
and buffalo (Bubalus bubalis) per farm household with cattle and or buffalo, was 5.3 and 
3.4 respectively, with 58% and 78% of these households owning a herd size of four or less 
cattle or buffalo, respectively (Steering Committee for Lao Census of Agriculture, 2012). 
Lao smallholder farmers typically manage their buffalo with cattle under a mixed crop-
livestock system according to the rice cultivation calendar (McDermott et al., 2010; 
Nampanya et al., 2010). Based on levels of inputs and grazing management practices, three 
sub-systems can be described. Firstly, an all year round free-grazing system where cattle 
and buffalo are free-grazed in the forest and on communal land throughout the year, where 
limited inputs such as over-night shelter or provision of salts are not usually provided. This 
system is predominant in Huaphan (HP) province and other parts of northern Laos where 
land allocation had not been completed (Thongmanivong & Fujita, 2006). Secondly, a 
seasonal free-grazing system where livestock is free-foraging in the dry season (December 
- May) and kept in restricted areas in the rice-maize cultivated wet season, with limited 
inputs including over-night shelter and salt provided. The practice of seasonal free-grazing 
can be seen in many villages of Luang Prabang (LPB) and other northern provinces where 
land allocation had been completed. Thirdly, a seasonal day-time free-grazing and 
opportunistic fattening system, with stock kept on communal land or on forage plantation 
areas during the day and brought home for housing in the evening. This practice can be 
seen in some villages of LPB and Xiengkhoung (XK) province where improved husbandry 
practices (eg cattle house, pits for faeces) and establishment and expansion of forage crop 
production and opportunistic fattening may also occur. Differences in livestock husbandry 
practices across northern Laos reflect both differing systems of crop-livestock management 
and exposure of farmers to effective extension services. Livestock performance depends on 
availability of land resources, seasonal feed and farmer knowledge of large ruminant health 
and production practices (McDermott et al., 2010; Nampanya et al., 2010). 
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1.3.1.2. Trends in the number of cattle and buffalo  
 
The estimated numbers of farming households with large ruminants and the national cattle 
and buffalo herd statistics are noted to differ slightly, although both were produced within 
the Ministry of Agriculture and Forestry. This likely reflects the difficulties in obtaining 
accurate information as livestock smallholders in Laos are heterogeneous, poorly educated 
and there are limited resources available for regular data collection. As a consequence, this 
review uses data from the most recent Lao Agriculture Census (Steering Committee for 
Lao Census of Agriculture, 2012). 
 
Between 1999 and 2011, both the number of cattle and farm households with cattle 
increased, whilst the number of buffalo and farm households with buffalo decreased (Table 
1.4 and 1.5). Of the 782,800 total farm households, 297,000 (38%) and 266,400 (29%) 
kept cattle and/or buffalo respectively (Steering Committee for Lao Census of Agriculture, 
2012). The expansion of farm households with cattle was more prominent in the central 
region, whereas the reduction in farm households with buffalo was observed in both 
northern and central provinces. It was noted that the increase in farm households with 
cattle to 22,400 in LPB and 15,400 in HP, shows  annual growth of 2 and 3%, respectively 
(Steering Committee for Lao Census of Agriculture, 2012). 
 
Between 1999 and 2011, the total number of cattle in Laos increased by 68% (5.7% per 
annum) to 1,586,200, contrasting with a decrease in the number of buffalo by 22% (1.8% 
per annum) to 774, 200 (Table 5). In 2011, farm households with cattle and/or buffalo had 
an average of 5.3 cattle and 3.4 buffalo with 58% of these households having a herd size of 
4 or less cattle and buffalo respectively (Steering Committee for Lao Census of 
Agriculture, 2012). Approximately 22 and 27% of the total national cattle and buffalo herd 
respectively, is located in the northern provinces. 
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Table 1.4. Total farm household with cattle and/or buffalo (x000) and their population 
changes (%) between 1999 and 2011 by selected province and regions. 
 
Selected province / 
Region 
Farm household with cattle Farm household with buffalo 
No. farm % Change  
% Change 
per annum 
No. farm  % Change  
% Change 
per annum 
Huaphan (HP)   16.4  53.7 4.5   15.4  -22.5 -1.9 
Luang Prabang (LPB)   15.5  42.8  3.6    12.6  -33.8  -2.8  
Xiengkhoung (XK)   22.4  35.6  2.9    10.7  -30.4  -2.5  
North   78.6  40.0  3.3    66.4  -34.1  -2.8  
Central 168.4  57.2  4.8    95.6  -30.1  -2.5  
South   50.1  22.7  1.9    64.4  -19.2  -1.6  
Total 297.0  42.7  3.6  226.4  -29.7  -2.5  
 
Source: Steering Committee for Lao Census of Agriculture, 2012 
 
 
 
 
 
 
Table 1.5. Cattle and buffalo herds (x000) and their population change (%) between 1999 
and 2011 by selected provinces and regions. 
 
Selected provinces / 
Regions 
Cattle Buffalo 
Population  % Change  
% Change 
per annum 
Populatio
n  
% Change  
% Change 
per annum 
Huaphan (HP)      74.5 90.9  7.6    53.2 -14.4  -1.2 
Luang Prabang (LPB)      65.7 80.1  6.7    44.0 -18.9  -1.6  
Xiengkhoung (XK)    134.9 40.6  3.4    38.1 -17.9  -1.5  
North    355.3  78.9  6.6  211.8  -28.6  -2.4  
Central    958.2  83.5  6.9  355.7  -18.7  -1.6  
South    272.7  37.0  3.1  206.7  -13.3  -1.1  
Total 1,586.2  68.0  5.7  774.2  -21.9  -1.8  
 
Source: Steering Committee for Lao Census of Agriculture, 2012. 
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The substantial reductions in buffalo stock numbers may be due to a variety of factors 
including: increased demand for fattened buffalo in Vietnam, increased farm 
mechanisation leading to replacement of buffalo kept for draught purposes (Nampanya et 
al., 2010; Wilson, 2007), reduction in the availability of common grassland and feed 
availability due to expansion of cash crop plantations; and the prevalence of calamitous 
events including infectious disease outbreaks such as FMD and hypothermia resulting in 
morbidity and mortality (Khounsy et al., 2009; Khounsy et al., 2012; Nampanya et al., 
2013c; Perry et al., 2002; Rast, Windsor & Khounsy, 2010). The reduction in the number 
of buffalo may also reflect changes in attitudes to livestock production, with farmers 
becoming more interested in farming more fecund species, including cattle, goats and pigs. 
 
1.3.2. Future prospects for cattle and buffalo production in northern Laos 
 
The term 'livestock revolution' has been used to refer to the rising demand for animal 
products, particularly in Asia (Delgado et al., 1999) where economic growth in the region 
has continued at a remarkable pace and is geographically widespread (Quirke et al., 2003; 
World Bank, 2013; Zhuang, Kanbur & Rhee, 2014). Higher incomes amongst urban 
consumers have led to diversification of their diet with the inclusion of more meat products 
(Delgado, 2003; FAO, 2013). Between 1997 and 2009, total meat consumption in China 
and SEA increased from 43 kg to 58 kg and from 18 kg to 26 kg per capita per year 
respectively, with projections of growth at around 3.1% and 3.0% per annum to reach 73 
kg and 30 kg per capita per year, respectively by 2020 (Delgado, 2003; FAO, 2012; Table 
1.6). In Laos, total meat consumption was approximately 21 kg per capita per year in 2009 
with an annual growth rate forecast of 4.5% (FAO, 2005; FAO, 2012; FAO, 2013; 
Ministry of Planning and Investment, 2011). Increasing demand for meat in both domestic 
and neighbouring markets (i.e. China and Vietnam), enhanced by the development of a 
regional road network throughout the GMS region (ADB, 2005), offers a trading 
opportunity for Lao livestock farmers to increase livestock income through improving their 
livestock productivity, potentially contributing to alleviation of rural poverty and improved 
regional food security. However, achieving this goal is a challenge. It requires multiple 
interventions delivered in a systematic approach to simultaneously enhance animal health, 
production and marketing linkages. Supporting livestock smallholder farmers to improve 
productivity will have limited success if farmer linkages to markets are not simultaneously 
enhanced (Arias et al., 2013; Windsor, 2011). 
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Table 1.6. Meat production in Laos and its neighbouring countries between 2005 - 2009 
(kg/capita/year). 
 
Countries/ meat types 
Years % change 
per annum 2005 2006 2007 2008 2009 
Cambodia 
Bovine meat   5.0   5.2   5.2   5.3   5.4   1.6 
Total 16.1 16.1 16.2 16.2 16.6   0.6 
China 
Bovine meat   4.3   4.4   4.6   4.6   4.8   2.3 
Total 53.4 54.4 52.9 56.3 58.2   1.8 
Laos 
Bovine meat   7.1   7.1   7.1   7.5   7.4   0.8 
Total 17.4 18.1 18.5 20.2 21.3   4.5 
Myanmar 
Bovine meat   2.8   3.2   3.4   3.6   3.7   6.4 
Total 23.6 26.8 29.6 32.4 32.1   7.2 
Thailand 
Bovine meat   2.3   2.5   2.7   2.9   2.9   5.2 
Total 27.4 28.4 29.9 27.2 25.8 -1.2 
Vietnam 
Bovine meat   3.0   3.1   3.7   3.9   4.3   8.7 
Total 35.5 38.6 42.5 45.6 49.9   8.1 
 
Source: FAO, 2012; FAOSTAT, 2013 
 
The increase in market demand for red meat from cattle and buffalo in both domestic and 
neighbouring markets has been outpacing the current supply, resulting in surges in meat 
prices. The price of beef and buffalo meat in LPB and XK increased by over 42% from 
USD 5.6 to USD 8.7 per kg between 2011 and 2013, with prices for beef generally higher 
than for buffalo meat (Nampanya et al., 2014a). These increases in the price of red meat 
have very likely stimulated many smallholder farmers to sell more of their stock than 
previously, with a resulting reduction in the ability to replace their stock and maintain their 
livestock holdings. However, the increasing price of red meat can also encourage large 
ruminant smallholders to seek to improve their husbandry practices and improve 
productivity to satisfy the higher market demand. Further studies are required to better 
understand if any correlations exist between the numbers of large ruminants and the 
expansion of cash crops or disease outbreaks, plus whether provision of market 
information could guide corrective measures and improve supplies of red meat animals.  
 
Increasing both the quality and quantity of large ruminant production in Laos is required 
and needs policies and regulatory frameworks that foster smallholder market participation 
and integration. To minimize risks of policy failures, the formation and implementation of 
policy interventions need to be evidence-based and applicable to local conditions (Arias et 
al., 2013). Harmonisation of government and aid donor support and extension policies at 
national, provincial and district levels, is crucial for the development of the bovine meat 
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industry, with emergence of a processing sector to address critical constraints in large 
ruminant health, production and trade required (Windsor, 2011). 
 
1.4. Main large ruminant diseases in northern Laos  
 
Although many diseases affect cattle and buffalo health and production in northern Laos, 
the most important diseases are briefly discussed. 
 
1.4.1. Foot and Mouth Disease 
 
Foot and Mouth Disease (FMD) is a highly contagious viral disease of cloven-hoofed 
species endemic in much of Asia, Africa and the Middle East with more than 100 countries 
currently infected (OIE-FAO, 2012). With high prevalence of FMD in developing 
countries, FMD is the most important transboundary animal diseases (TADs) and it has 
now been described as a disease representing failure of the global food security system 
(Kitching, Hutber & Thrusfield, 2005; Rushton, 2009; Windsor, 2011). Although the FMD 
viruses (FMDv) belong to family Picornaviridae with 7 distinct serotypes (A, O, C, Asia 1 
and SAT 1, 2 and 3), in terms of disease control, and because of co-circulation of multiple 
serotypes and dynamic animal trade, it has become more relevant to consider the groupings 
of isolates within serotypes into 7 regional ‘pools’ (Lubroth, 2002; Paton, Sumption & 
Chaleston, 2009). The GMS is within FMD virus Pool 1 where recent epidemics have 
involved isolates of O (Cathay, SEA Mya-98, Pan Asia), A (SEA 97) and less commonly 
Asia 1 serotypes, spreading throughout much of southeast and eastern Asia, including 
Laos, Cambodia, Myanmar, Thailand, Vietnam, Malaysia, China, Korea and Japan 
(Khounsy et al., 2009; Knowles et al., 2012; Madin, 2011; Rweyemamu et al., 2008b; 
Windsor et al., 2011).  
 
Vaccines are important in managing FMD, although they do protect against the debilitation 
due to clinical disease, including oral and pedal vesicular lesions, inappetance and weight 
loss, infected vaccinated animals excrete less virus, limiting environmental contamination 
and subsequent challenge to naïve animals (Orsel & Bounma, 2009). As there is no cross 
protection between FMDv serotypes, knowledge of serotype is critical in the choice of 
vaccine(s) to use in control of FMD (Doel, 2003). Recent outbreaks of FMD serotype 
O/ME-SA/Ind-2001d in April-May 2015 in Naxaythong district, Vientiane Capital 
(unpublised), has raised concerns of risks of FMD due to use of vaccines that may offer 
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limited protection against such emerging serotypes, plus preliminary evidence that 
transmission of FMD may have occurred due to movement of animal products from 
countries or zones that are not FMD-free. 
 
Infection with FMDv can occur in different ways. Air-borne spread of FMD has been 
documented and infection of the respiratory tract is often considered the most common 
route of entry of FMDv infection (Kitching, 2002; Rushton, Pilling & Heffernan, 2002; 
Rweyemamu et al., 2008b; Sainsbury, 1998). However, oral transmission may also occur, 
particularly in swine (Lubroth, 2002) and especially in SEA (Windsor et al., 2011). In 
northern Thailand where cattle and buffalo production are still managed on a free-range 
basis, similar to northern Laos, it was found that the risk of FMDv infection increased with 
the number of neighbouring villages sharing a common water source for their cattle and 
buffalo, as this increased the risk of infection by spread of the disease between large 
ruminant herds of neighbouring villages, with beef cattle found to be at greater risk than 
draught buffalo and draught cattle (Cleland et al., 1995; Rushton, Pilling & Heffernan, 
2002). This finding probably reflects the situation where draught animals tend to be better 
cared for and frequently kept closer to home rather than sent out for grazing with beef 
cattle. Many smallholder beef cattle in Laos are free to graze on common pasture and share 
water sources with neighbouring herds, thus having more opportunities for contact with 
infected animals.  
 
It has been acknowledged that different cloven-hoofed species react differently following 
infection with FMDv, with half of all cattle becoming virus carriers, whereas pigs do not 
become carriers (Kitching, Hutber & Thrusfield, 2005; Windsor et al., 2011). An FMDv 
carrier is defined as an animal from which the virus can be isolated from samples of 
oropharyngeal fluid (eg probang samples) beyond 4 week, post infection (Salt, 1993), with 
carrier animals retaining the virus in the basal epithelial cells of the oesophagus (Sutmoller 
& Olascoaga, 2002). Most carrier animals eliminate the virus within one year although that 
period varies between species. Cattle and domestic buffalo can carry the FMDv up to 3.5 
and 2 years post infection, respectively (Verin, 2011), whereas sheep and African buffalo 
may carry the virus up to 9 months and 5 years respectively (Kitching, 2002; Sutmoller & 
Olascoaga, 2002). It is also important to note that although carriers do harbour the FMDv 
they are not considered a source of infection as transmission of FMDv from carrier animals 
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to infect susceptible animals has only been documented in wild African buffalo (Kitching, 
2002; Knowles et al., 2012; Lubroth, 2002; Sutmoller et al., 2003).  
 
Possible control options for managing FMD vary between countries. In areas, where FMD 
is not endemic, recommended management is based on ‘stamping out’ which involves 
movement control and restriction of animals and animal products combined with slaughter 
of animals in the infected areas (Domenech et al., 2006; Gleeson, 2002; Rich & Perry, 
2011). This method might be practical in developed countries where compensation and 
good support programs for farmers are available. However, in developing countries like 
Laos these methods are usually not considered feasible due to financial limitations. Cattle 
and buffalo are the main source of income for many smallholder farmers (ADB, 2005; 
Millar & Phoutakhoun, 2008; Nampanya et al., 2010), and slaughtering infected animals 
during an outbreak without reasonable compensation would create very significant social 
problems. 
 
In FMD endemic areas of the GMS, FMD control is a major challenge. For Laos it is 
particularly challenging due to parts of the country, including northern Laos being an 
important thoroughfare for animal movements from Myanmar and Thailand to China and 
Vietnam (Kerr, Sieng & Scoizec, 2012; Khounsy & Conlan, 2008; Windsor, 2011). The 
Progressive Control Pathway (PCP) for FMD in the Southeast Asia and China Foot and 
Mouth Disease Control Program (SEACFMD) promotes FMD risk reduction to improve 
the livelihoods of livestock dependent communities in the FMD endemic areas (OIE-FAO, 
2012; Otte et al., 2007; Rich & Perry, 2011; Rweyemamu et al., 2008a). Laos is at the 
commencement of the 5 stages in the PCP for FMD (Stage 1- identify risk and control 
options, Stage 2 - implement risk-based control, Stage 3 - implement control strategy to 
eliminate circulation, Stage 4- maintain zero circulation and incursion, and Stage 5 
maintain zero circulation and incursion; withdraw vaccination) (FAO, 2011a; OIE 
SEAFMD Regional Coordination Unit, 2011). For Laos to progress on the PCP and 
successfully participate in regional FMD control programmes by 2020, it has been 
suggested that vaccination strategies should be supplemented with other multiple 
interventions of health and production (Nampanya et al., 2010; OIE-FAO, 2012; Windsor 
et al., 2011). These include: improved public awareness of the importance of biosecurity; 
enhanced disease reporting and surveillance; development of an emergency disease 
response capacity; an understanding of livestock movements and regional international 
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trade risks and development of animal movement control and strategic vaccination 
programs (Rich & Perry, 2011; Windsor, 2011; Windsor et al., 2011). 
 
Furthermore, gaining support for the program from large ruminant smallholder farmers is 
very important for FMD control programmes to be successful. This can be enhanced 
through educating farmers and the public about the financial impact of the disease and that 
FMD control has been implemented successfully in other countries in the region (Windsor 
et al., 2011). Identification of FMD hotspots and determination of the financial impact of 
FMD on large ruminant smallholders in northern Lao should support decision pathways 
when developing strategic and mass FMD vaccination campaigns. Vaccination in known 
FMD hotspot areas is aimed at protecting high risk areas to reduce the size of future FMD 
affected areas. It may be more financially justifiable compared to ring vaccination in the 
face of an outbreak, as the impact of using or not using ring vaccination is unpredictable 
plus there is a risk that vaccinators themselves may potentially carry infection between 
herds (James & Rushton, 2002).  
 
1.4.2. Haemorrhagic septicaemia 
 
Haemorrhagic Septicaemia (HS) is an acute, fatal septic disease of cattle and buffalo, 
caused by Pasteurella multocida bacteria and is endemic in many countries, including 
Laos (Benkirane & De Alwis, 2002; De Alwis, 1999; De Alwis et al., 1990). Both cattle 
and buffalo can be infected, although buffalo are considered more susceptible to the 
disease than cattle, plus it is recognised that increased frequencies and financial costs of 
the HS outbreaks are related to poor husbandry and management practices (Benkirane & 
De Alwis, 2002; Rushton, Pilling & Heffernan, 2002). 
 
Infection with the HS pathogen is via inhalation and/or ingestion (De Alwis, 1999; Patten 
et al., 1993). Outbreaks of HS start when clinically infected animals or HS carriers are 
introduced into a susceptible herd. However, the process of disease transmission between 
animals is not well understood due to the fact that it requires large amounts of the HS 
pathogen (10
7
 to 10
12
 colony forming units) delivered via either inhalation or ingestion, to 
cause the disease to develop under experimental conditions (De Alwis, 1999; De Alwis et 
al., 1990). Due to the rapid development of HS, resulting in mortality rates of up to 90%, It 
can be difficult to detect clinical signs of the disease (Kawasaki et al., 2013; Rushton, 
Pilling & Heffernan, 2002). If  clinical signs are observed they include high temperature, 
19 
anorexia, increase salivation and dyspnoea, with swelling in the sub-mandibular region 
commonly observed (Benkirane & De Alwis, 2002; De Alwis, 1999). 
 
Vaccination is one of the most effective methods to prevent and control HS (Kawasaki et 
al., 2013; Rushton, Pilling & Heffernan, 2002; Shah, Shah & De Graaf, 1997). A recent 
case - control study in Pakistan showed that vaccination was found to be a protective factor 
along with the length of time cattle were kept on farm (Moustafa et al., 2015). In Laos, an 
oil adjuvant HS vaccine is produced by the local vaccine development factory 'Nonteng'. 
Routine vaccination is recommended in endemic areas such as northern Laos. Ideally, the 
vaccine should be given to cattle and buffalo at 4 - 6 months of age and a booster given 3 - 
6 months later (De Alwis, 1999; Kawasaki et al., 2013; Rushton, Pilling & Heffernan, 
2002; Shah, Shah & De Graaf, 1997). However, despite the availability of HS vaccines, the 
vaccination rate for HS in Laos is still low, particularly in northern provinces where it is 
below 45% (Steering Committee for Lao Census of Agriculture, 2012). This indicates that 
prevention and control of HS may not be achieved without improved veterinary services 
and extension plus improved farmer knowledge of HS and the importance of vaccination 
and basic biosecurity practices. 
 
1.4.3. Internal parasites  
 
Among the numerous internal parasites that infest cattle and buffalo in most humid tropical 
regions, Fasciola gigantica (fascioliasis) and Toxocara vitulorum (toxocariasis) are the 
most important (Copeman & Copland, 2008; Gray, Connell & Phimphachanhvongsod, 
2012; Molina, Gonzaga & Lumbao, 2005; Rast et al., 2013a; Starke-Buzetti, 2006; Tum et 
al., 2007).  
 
F. gigantica is a trematode flat worm with size and shape resembling privet-like leaf. It can 
cause substantial impacts on large ruminant production in many SEA countries including 
Laos, where field and slaughter house studies on F. gigantica in central and northern Laos 
revealed prevalence rates of 9 - 23% and 21 - 38% in cattle and buffalo, respectively 
(Copeman & Copland, 2008; Molina, Gonzaga & Lumbao, 2005; Rast, 2014; Suhardono & 
Copeman, 2008). Infection of large ruminants with F.gigantica mainly occurs via ingestion 
of metacercariae released from the intermediate host, the tropical aquatic snail (Lymnaea 
auricularia sensu lato), following its infection by miracidia release from an encysted egg 
passed in faeces by an infected primary host, usually a ruminant. The survival of the 
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parasite depends largely on interaction between the environment and the intermediate host 
where declining snail populations and the rainfall have a negative impact on parasite 
prevalence. Details of infection and parasite cycle have been described previously (Rast et 
al., 2014; Sainsbury, 1998; Tum et al., 2007).  
 
Toxocara vitulorum is a pathogenic gastrointestinal nematode of newborn cattle and 
buffalo calves that is responsible for high morbidity and mortality rates among 15 to 50 
days of age. The prevalence can reach 100% in calves without treatment or parasite 
control, with deaths occurring more frequently when associated with poor nutrition (Gray, 
Connell & Phimphachanhvongsod, 2012; Rast et al., 2013a; Starke-Buzetti, 2006). Clinical 
signs of infected calves include diarrhoea, anorexia, loss of coat glossiness and skin tone 
with eczema and stunted growth. A recent study in northern Laos revealed a prevalence of 
23% and that infestation was more common in buffalo calves than cattle calves; limited 
farmer knowledge of the parasite was identified (Nampanya et al., 2010; Rast et al., 
2013a). Full details of the life cycle of T. vitulorum have been documented with 
importance of maternal transmission from cow to calf in colostrum and milk noted (Starke-
Buzetti, 2006).  
 
The highly endemic prevalence of F. gigantica and T. vitulorum requires that disease 
control measures should be implemented to ensure efforts aimed at improving productivity 
will not be compromised (Gray, Connell & Phimphachanhvongsod, 2012; Rast et al., 2014; 
Windsor, Soun & Khounsy, 2008). Several options for prevention and control of both 
internal parasites in large ruminants do exist, although successful control options depend 
on an understanding of the geographical distribution of the parasite and farmer knowledge 
of control interventions (Copeman & Copland, 2008; Gray, Connell & 
Phimphachanhvongsod, 2012; Rast et al., 2014; Starke-Buzetti, 2006; Tum et al., 2007). 
Anthelmic treatments such as triclabendazole, albendazole and their derivates are effective 
against F. gigantica (Copeman & Copland, 2008; Graig, 2003). This was supported by a 
field treatment trial on anthelmintic efficiency for F. gigantica using imported 
triclabendazole and a locally available triclabendazole and albendazole combination; both 
anthelmintics were effective with > 90% faecal egg count reduction at 4 to 12 weeks post 
treatment in both cattle and buffalo in northern Laos (Rast, 2014). Pasture management 
and intermediate host control are other possible control methods for F.gigantica with 
avoidance of grazing on swamp pasture areas to reduce the risk of contacts between 
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animals and the parasitic metacercariae, plus infection of the intermediate host snails from 
faeces (Molina, Gonzaga & Lumbao, 2005; Sainsbury, 1998). Biological control using 
free-range ducks to control snails and F.gigantica is another practical control option, 
requiring that ducks, eat sufficient numbers of snails in a habitat prior to the snails 
shedding cercariae, as demonstrated in Indonesia (Cameron et al., 2008; Copland & 
Skerratt, 2008; Rast et al., 2014; Suhardono & Copeman, 2008). 
 
For T. vitulorum, many anthelmintic treatments (Pyrantel, Piperazin, Fenbendazole, 
Thiabendaloze and Ivomectin) have been recognised as effective, depending on time of the 
treatment (Gray, Connell & Phimphachanhvongsod, 2012; Rast et al., 2014; Roberts, 1993; 
Starke-Buzetti, 2006). In northern Laos, a single Pyrantel treatment for newborn calves 
aged 14 - 21 days old has been advised to large ruminant smallholder farmers. This is 
supported by a partial budget analysis where a net benefit of USD 6 - 24 per calf was 
identified when treating calves with Pyrantel and attributing 25 - 100% of morbidity and 
mortality to T. vitulorum infection (Rast et al., 2014; Starke-Buzetti, 2006). Although 
control options for both internal parasites in large ruminants do exist, successful control in 
northern Laos requires improved veterinary and extension services to improve farmer 
knowledge, leading to improved husbandry practices and production. 
 
1.5. Financial impact of important animal diseases to large ruminant 
smallholder farmers in northern Laos 
 
The study of animal health economics is relatively young, only emerging in the 1970s 
(Dijkhuizen & Morris, 1997; Dohoo, Martin & Stryhn, 2009; Rushton, 2009; Thrusfield, 
2007). Although some progress has been made on identifying the impact endemic of 
livestock diseases in developing countries, further research is needed to provide estimates 
of financial losses of the more important diseases. There are no records of large ruminant 
production losses due to diseases in Laos, only an estimation of combined mortality rates 
due to FMD and HS of about 10% annually (ADB, 2005; Stür, Gray & Bastin, 2002) and 
one report estimating annual mortalities from HS of around 7,500 cattle and buffalo, with 
economic losses of USD 1.4 million in 1990 (Patten et al., 1993). Liver fluke caused an 
estimated financial loss between USD 26 and USD 52 million with the prevalence of 
between 15% and 26% (Copeman & Copland, 2008). The endemic nature of these diseases 
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negatively influences production capability of large ruminants through high morbidity and 
mortality rates and slow growth rates (Nampanya et al., 2010; Windsor, 2011). 
 
FMD is the most important TAD, now considered a disease representing failure of the 
global food security system (Otte et al., 2007; Rushton, 2009; Windsor, 2011). The 
financial impact of FMD varies between regions and countries, depending on the 
production system in which the disease occurs, the size and the degree of re-infection 
risks, the capacity of local authorities to respond to the outbreaks (Kitching, 2002; 
Randolph et al., 2002; Rast, Windsor & Khounsy, 2010) and importantly, negative 
impacts on trade. It is well known that the loss of trading opportunities due to trade 
restrictions on local and lucrative international markets that arise from FMD may be higher 
than the actual loss of livestock production, particularly in FMD-free countries (Perry et al., 
2002; Rushton, 2009). Reported annual impacts of FMD in terms of visible production 
losses range from USD 35 million in Turkey to USD 2.3 billion in China, with the total 
financial losses in endemic regions worldwide estimated between USD 6.5 and USD 21.0 
billion (Knight-Jones & Rushton, 2013).  
 
In addition, some authors consider that losses due to FMD are of more significance to 
commercial producers than smallholder farmers (Rweyemamu & Leforban, 1999; Scoones 
& Wolmer, 2006) although the financial impact of FMD on poor smallholder farmers may 
have been ignored, a topic of some debate (Rast, Windsor & Khounsy, 2010; Shankar et 
al., 2012; Windsor et al., 2011). Recently, several studies have been published that 
demonstrate the extent of the financial impact of FMD on smallholders and illustrate the 
importance of disease prevention. Case studies in northern Laos and southern Cambodia 
show a reduction in sale values of 30 - 92% of pre-FMD values, following FMD infection 
(Rast, Windsor & Khounsy, 2010; Shankar et al., 2012; Young et al., 2013b). These 
findings suggest that the financial impact of FMD to smallholder farmers may be more 
significant than has been generally recognised, requiring more research to better 
understand the impact of the disease in relation to food security and poverty reduction. 
 
1.6. The needs for improved farmer knowledge, attitudes and practices 
(KAP) on large ruminant health and production 
 
Despite livestock vaccination rates increasing nationally between 1999 and 2011, the HS 
vaccination coverage rate for cattle and buffalo in northern Laos is still low (45%) and 
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until very recently, vaccination for FMD has been minimal, reflecting the low availability 
of vaccines and veterinary services in Laos where only 2% of rural villages have a 
veterinary clinic (Steering Committee for Lao Census of Agriculture, 2012). However, 
occurrence of diseases is not only an indication of low vaccination coverage, but perhaps 
should be considered more as a reflection on poor biosecurity practices. The concept of 
biosecurity refers to all the hygienic practices designed to reduce the risk of infectious 
diseases occurring or being introduced into a herd, or a country, and includes practices 
designed to control the spread of infectious agents within a herd (Dargatz, Garry & 
Dargatz, 2002; Larson, 2008). 
 
The development of a basic biosecurity plan for smallholder farmers in Laos should focus 
on herd management and practical aspects of the biosecurity program (Lubroth, 2002; 
Nampanya et al., 2010; Perry et al., 2002). Practicality and individuality are very important 
aspects of biosecurity programs. Biosecurity practices include quarantine, disease 
recognition, isolation of sick animals and reporting of the disease, plus attention to 
transmission risks and proper disposal of infected materials. In addition to vaccination 
programmes when appropriate and available, should be promoted as essentials in disease 
control programmes (Morley, 2002). In order to successfully prevent or limit disease in 
cattle and buffalo herds, biosecurity and disease control programs need to be accepted and 
implemented by livestock owners or managers. For example, a 'test and cull’ program may 
not be practical in Laos, due to the limitations of financial resources and farmer 
cooperation. Cattle and buffalo smallholder farmers will not let the authorities destroy their 
FMD infected or carrier animals unless they receive reasonable compensation, particularly 
as these large ruminants are the main store of their household income (Millar & 
Phoutakhoun, 2008; Stür, Gray & Bastin, 2002).  
 
When discussing disease control and the use of biosecurity programs, it is important to 
consider the effectiveness of the disease surveillance system. This refers to the process of 
continuous investigation of a given population to detect the occurrence of disease for 
control purposes, and may involve testing of part of a population (Thrusfield, 2007). 
Surveillance monitors the effectiveness of biosecurity programs, and it will provide crucial 
information regarding the current status of biosecurity (Morley, 2002) and can identify 
problem areas that should be targeted for improvement of biosecurity plans. In Laos, the 
livestock disease surveillance system is still underdeveloped, as disease reporting and 
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communication are passive and reliant on a high awareness of local villagers and local 
authorities of the need to report disease occurrence (Khounsy & Conlan, 2008). However 
communication from the village to more central authorities can be slow and in some cases, 
farmers and local authorities might not want to provide disease outbreak information, 
particularly in FMD outbreaks when the occurrence of the outbreak may have negative 
repercussions on the animal health services and the farmers (Gleeson, 2002).  
 
Participatory approaches, using multiple interventions to improve large ruminant health 
and husbandry, can stimulate farmer awareness of the need for improved biosecurity; this 
has been documented in southern Cambodia (Nampanya et al., 2011). Interventions include 
vaccination programs for FMD and HS, farmer knowledge training, parasite management, 
biosecurity and hygiene, improved nutrition by establishing and conserving forages that 
enable fattening, plus potentially reproductive management (Windsor, 2011; Windsor, 
Soun & Khounsy, 2008). In northern Laos where FMD is endemic, disease prevention and 
control has been shown to be very important to retain participation in research and 
development programs (Nampanya et al., 2011; Rast, Windsor & Khounsy, 2010; 
Windsor, 2011). Further, interventions do need to be introduced at an appropriate pace and 
using a participatory approach to ensure their acceptance and sustainability, avoiding the 
‘sun rise and sun set’ project phenomenon, that is, observed to be working very well when 
the project is still running but collapsing when project assistance ceases (Gray, Connell & 
Phimphachanhvongsod, 2012; Windsor, 2011).  
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1.7. Roles of cattle and buffalo development in human nutrition, gender 
equality and ethnic minority groups 
 
It is difficult to determine linkages between the development of livestock and improvement 
in human nutrition. However, it is likely that the increasing demand for livestock products, 
especially meat, provides opportunities for smallholders to benefit from growing markets 
and for their families to have a viable source of much-needed micronutrients and dense 
calories (Delgado, 2003). A recent survey on risk and vulnerability among households in 
Laos showed that 28% of children aged between 48 - 59 months were underweight and 
51% of the children in this age cohort group were stunted in growth, despite the fact that 
54% of households reported consuming poultry at least one day per week (Ministry of 
Agriculture and Forestry, 2013). Thus, linkages between livestock development and rural 
farm household nutrition are important and warrant further investigation. 
 
It has been acknowledged that women have a very important role in taking care of families' 
cattle and buffalo in Lao rural communities, with males (32%) and females (27%) 
spending more than one hour per day working on livestock activities as shown in the recent 
Lao agriculture census (Steering Committee for Lao Census of Agriculture, 2012). The 
report also indicated that average numbers of cattle and buffalo were similar in Hmong and 
Lao-Tai ethnic groups; the numbers of cattle and buffalo in Hmong households were 5.8 
and 4.3 and similar to Lao-Tai of 5.8 and 3.6 cattle and buffalo per household, 
respectively. Importantly, a recent survey indicated that women have a significant role in 
managing household finances, with 70% of the interviewed farmers revealing that the 
money from the sale of large ruminants was kept by women, either the wife or an elder 
female member in the family (Nampanya et al., 2014a). This suggests that future extension 
activities requiring consideration of investments from household finances should include 
women. As women and ethnic minority groups have an important role in livestock 
production, they should be priority groups for future interventions aimed at improving 
smallholder animal productivity. Greater understanding of gender and ethnic minority 
groups in relation to cattle and buffalo development should be considered for further 
investigation. 
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The transitional development pathway between livestock keepers and more market-
orientated producers requires improved farmer knowledge and practices of livestock 
husbandry and disease prevention, plus potentially, the formation of farmer groups for 
marketing, which may lead to improved profitability. Public and private investments, plus 
livestock research and human resource development, have significant roles in assisting 
livestock farmers in this transitional period to improve livestock productivity (Windsor, 
2011). Studies in southern Cambodia demonstrated that improved farmer KAP on animal 
health and production requires multiple learning opportunities, including applied field 
research and disease awareness through poster and passive information transfers, plus 
specific formal training and farmer schooling programmes (Nampanya et al., 2011). This 
learning process takes time and requires ongoing support and close collaboration between 
research and development programmes to improve extension capacity, effective animal 
movement control, surveillance, vaccination programmes and public awareness (Windsor, 
2011). This learning will enhance the capacity of large ruminant smallholders to improve 
their productivity and further, potentially develop small to medium sized livestock 
enterprises, thus addressing rural poverty and food insecurity in Laos and throughout the 
GMS. 
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1.8. Aims of the thesis 
 
This research project aims to: 
 
1) Investigate the epidemiology of FMD outbreaks in northern Laos including 
identification of FMD 'hotspots', determine the financial impact of FMD to smallholders, 
and identify strategies for sustainable FMD control in the region. 
 
2) Establish baseline cattle and buffalo production data and address potential options to 
improve large ruminant productivity via participatory field research in three northern Lao 
provinces of Huaphan, Luang Prabang and Xiengkhoung. 
 
3) Identify the current knowledge gaps and options to improve the practices of Lao 
smallholder farmers and livestock extension staff, and optimize large ruminant health and 
production including risk management of transboundary animal diseases (TADs) in five 
northern Lao Provinces of Bokeo, Huaphan, Luang Namtha, Luang Prabang and 
Xiengkhoung. 
 
The research is based on the hypothesis that improvements in smallholder knowledge, 
attitudes and practices on large ruminant health and production will lead to improved 
smallholder household incomes from their large ruminant sales, and reduce regional 
poverty and food insecurity in rural Laos. 
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Chapter 2                                                                                                                     
General Materials and Methods 
 
The work in this research thesis was initially nested within the four-year Australian Centre 
for International Agricultural Research (ACIAR) project (ACIAR AH 2006/159), entitled 
‘Best practice cattle and buffalo health and husbandry, Laos’. Although the research 
project was completed in December 2012, some work continued until 2015 (Rast et al., 
2013b; Windsor, Soun & Khounsy, 2008). All the research protocols involved in the 
ACIAR research project activities and this PhD research were conducted with prior 
institutional approval of the animal and human ethics committee of the University of 
Sydney (permit numbers N00/6 -2009/3/5105 and 05 - 2009/11382, respectively).  
 
This research emerged from a previous honours research project that conducted a survey of 
farmer knowledge of biosecurity, risk of transmission of TADs and large ruminant health 
and production in the six villages within the three ACIAR research project provinces 
(Nampanya et al., 2010). This survey enabled the development of a series of biosecurity 
interventions which were tested in the ‘intervention villages’. The project examined and 
documented the progress of these interventions through assessment of improvements in 
farmer awareness of biosecurity and many other aspects of their large ruminant production 
systems. The research identified key extension strategies that can address the identified 
gaps in knowledge of biosecurity and disease management in northern Laos, with potential 
extension to other areas of the GMS. 
 
The study involves participatory applied field research using a combination of practitioner 
communication skills and participatory methods to improve the involvement of 
smallholder livestock keepers, assisting both the analyses of animal disease problems and 
evaluation of disease control programs (Catley, Alders & Wood, 2012; Toribio & Rushton, 
2012). The approach used participatory epidemiology techniques to identify interventions 
that are accepted and can be implemented by farmers in the areas of animal health, 
nutrition, reproduction management and marketing (Figure 2.1). This provides an 
opportunity for smallholder farmers to learn how to increase their household income 
through improved productivity and profitability of their large ruminants. 
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Figure 2.1. Outline of research framework and activities 
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2.1. Study Areas 
 
The main study sites were located in three northern provinces: Huaphan (HP), Luang 
Prabang (LPB), and Xiengkhoung (XK) and extended to other northern provinces of 
Bokeo (BK), Luang Namtha (LNT) and Xayabouli (XYL) (Figure 2.2). The ACIAR 
research project worked in six villages in the three northern provinces of HP, LPB and XK, 
with two villages located in each province (Windsor, Soun & Khounsy, 2008). A large 
development project ‘the Northern region sustainable livelihood through livestock 
development project (LDP)’, that had been involved  in 18 poor districts in the five 
provinces of LNT, BK, HP, LPB and XK and involved 312 villages and 17,000 households 
(Khounsy, 2012). The collaboration between the research and development projects 
enabled this research work to expand the study areas, allowing comparisons the study 
areas. 
 
The selection of two villages in each of the three province of LPB, HP and XK for  the 
ACIAR research project in 2008 were conducted through discussion and consultation 
between local and national authorities in Laos and the ACIAR team and were based on the 
following criteria: 1. high level of cooperation of farmers, local authority, district and 
provincial staff; 2. interest in adoption of technologies to improve husbandry and health; 3. 
evidence of interest in adoption of forage feeding systems; 4. evidence of interest in 
intensification of cattle production such as stall feeding; 5. preferably, access to export 
markets for sale of cattle; 6. at least 200 cattle in each village (> 100 adults, > 50 weaners 
and > 50 calves) and year- round access. In three of the six target villages classified as high 
intervention (HI) villages (one in each of the three provinces), a ‘best practice health and 
production’ package was gradually implemented. The package included vaccination 
programmes for FMD and HS, planting of forage crops as well as large ruminant disease 
and prevention knowledge training. The remaining three villages were classified as low 
intervention (LI) where only the vaccination programme was implemented as an incentive 
for farmer participation (Windsor, Soun & Khounsy, 2008). The farmers involved in the 
ACIAR project's activities were selected through consultation between project staff and 
village headman, and farmer’s participation and decision for inclusion were based on the 
criteria that they owned at least one head of cattle and displayed a high level of receptivity 
to the possible introduction of new technologies.  
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The 2 observed villages of each LNT and BK province of the LDP were selected based on 
the following criteria: 1) ethnicity; 2) poor village and 3) year-round access. The 
interviewed farmers from each village are selected based on the above criteria (Details are 
described in the relevant chapters). 
 
2.2. District livestock extension staff training 
 
With funding through the Australian Crawford Fund, a series of seven 2 - 3 day workshops 
covering large ruminant health and production topics were developed and delivered by the 
University of Sydney (UoS) research project team between September 2008 and December 
2010 (Rast et al., 2013b). All workshops were attended by the same group of district 
livestock extension staff from 20 districts (22 - 25 staff member), provincial livestock staff 
(three staff member) and a teacher of the Northern Agriculture and Forestry College 
situated just north of LPB capital district. These workshop participants involved in the 
ACIAR research project and LDP. The majority of the participants had an agriculture 
college background and only one participant had a veterinary degree. After the training, 
these extension staff would use their knowledge to train the participating farmers in the 
areas under study.  
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Figure 2.2. Map of the study areas in northern Laos (in blue colour) 
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2.3. Large ruminant smallholder farmers training 
 
The knowledge-based interventions introduced to the HI villages by the ACIAR research 
project consisted of four components: participatory ‘applied field research’, ‘on the job’ 
training, formal training, farmer group meetings and cross visits. Only the participatory 
‘applied field research’ component was introduced to the LI villages. In the observed 
LDP’s project target villages of LNT and BK 'on the job training', farmer meetings and 
cross visits have been heavily focused on. The four components are described as follows: 
 
1. Participatory ‘applied field research’ consisted of the project-enrolled farmers presenting 
their cattle and buffalo on 10 occasions over a three year period for weighing, sample 
collection (e.g. faeces for internal parasites) and recording of additional health and 
production information. As the farmers and project team worked closely together regularly 
and there was general discussion on the aims and progress of the project, farmers were able 
to develop relationships with project staff and ‘informally’ learn new information and 
skills. 
 
2. The ‘on the job’ training consisted of extension staff working with small groups of 
farmers to improve cattle health and production through ‘best practice’ interventions. 
These included interventions such as regular vaccination and anthelmintic treatments 
(when required) plus more importantly, substantial improvements to nutrient availability. 
 
3. The ‘formal training’ was conducted between June 2011 and April 2012 for Village 
Animal Health Workers and 25 -35 farmers in each of the three HI villages. Training was 
conducted by a trained district livestock extension team. The course was set for two day 
training and a half day group discussion and farmers' cross visits and meetings. The 
training consisted of five modules including: 1) prophylaxis for controlling major animal 
diseases; 2) infectious diseases in cattle and buffalo ( HS and FMD); 3) parasitic diseases 
in cattle and buffalo (fascioliasis and toxocariasis), 4) forage cultivation and management; 
and 5) farmer group meeting and cross visits plus a public awareness campaign via posters 
of FMD, HS and toxocariasis which were distributed and shown in all the observed village 
meeting halls, temples and primary schools. 
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2.4. Data collection, management and analysis 
 
A series of data collections were conducted by a trained provincial and district extension 
staff team led by the candidate with assistance of village chiefs and smallholder farmers 
using survey questionnaires (Appendix 1 - 3). The questionnaires and data collection 
sheets were developed in English by the candidate under supervision of Prof. Peter 
Windsor, Drs. Syseng Khounsy and Luzia Rast plus input from the local staff. They were 
translated into Lao by the candidate and tested to ensure questions were clear and 
unambiguous. Prior to the survey, the survey teams were trained for one day to ensure that 
interviewers understood the aims and objectives of the study and were confident in their 
role in the team. 
 
Quantitative and qualitative data were transcribed into spreadsheets in Microsoft Excel 
(Microsoft office) and analysed in Genstat 14
th 
edition statistical program (VSN 
International) by the candidate with assistance of statistical experts. Details of statistical 
methods used are described in each relevant chapter. 
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3.1. Abstract 
 
FMD is an endemic transboundary disease in the Mekong region and FMD records of 
reports to animal health authorities in Laos between 2009 and 2011 were reviewed. FMD 
outbreaks occurred in 2 of 3 years in 8 districts in 3 of the 8 northern Lao provinces, 
locations suggested as FMD 'hotspots'. The relatively higher risk of recurrence of FMD in 
these districts was likely due to the presence of a dense large ruminant population, 
extensive animal trading including transboundary movements and ineffective animal 
movement controls. As an understanding of the epidemiology of FMD in these 'hotspots' 
may offer insights into improved FMD control in the region, a study of an outbreak of 
FMD occurring in early 2010 following failure to vaccinate was conducted in the endemic 
‘hotspot’ area of Paek district in Xiengkhoung province where in early 2009, a major 
outbreak of FMD in the district had been prevented in 2 villages by vaccination. The 2010 
outbreak included collection of tissue samples one week after the onset of FMD that 
confirmed infection with FMD virus serotype O (Myanmar 98 topotype) in a population of 
239 large ruminants, comprising 167 cattle and 72 buffalo. A survey by interview of 30 
farmers conducted in July 2010 documented high morbidity in cattle and buffalo (> 90%) 
and identified disease risk factors, including increased trading of animals at the end of the 
rice harvest, plus several failures of biosecurity. In late 2010 and early 2011, a total of 40 
and 72 serum samples were collected from large ruminants prior to and post FMD 
vaccination respectively and tested by LPB-ELISA. Antibodies were present in the pre-
vaccination samples attributable to previous exposure to FMDv and significantly rising 
post-vaccination titers indicated likely temporary protection against future FMDv 
infection. It was concluded that to provide sufficient control of FMD in this 'hotspot', 
regular vaccination, particularly prior to the peak risk period in December - February, plus 
improved farmer knowledge of disease transmission risk and biosecurity, are required. 
Although low rural education standards and language barriers due to multiple ethnic 
groups pose a challenge for the successful delivery of extension programs in northern 
Laos, training to improve disease recognition and reporting plus village-level biosecurity 
practices is considered important in FMD 'hotspots' if sustainable regional initiatives 
directed at FMD control are to be achieved. 
 
Keywords: FMD; Lao PDR; large ruminant health and production; vaccine serology 
response, village-level biosecurity. 
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3.2. Introduction 
 
Foot and Mouth Disease (FMD) is a major limitation for efficient and sustained livestock 
production in Southeast Asia and particularly in Lao People’s Democratic Republic (Lao 
PDR or Laos, Khounsy & Conlan, 2008) where more than 94% of all livestock products 
are produced by smallholder farmers owning less than 5 head of cattle and buffalo (Wilson 
2007; Nampanya et al., 2010). The FMD viruses (FMDv) belong to genus Aphthovirus, 
family Picornaviridae with 7 distinct serotypes: A, O, C, Asia 1 and SAT 1, 2 and 3 and 
cause a highly contagious disease that can affect all cloven-hoofed animals, producing 
extensive vesicular lesions on the lips, tongue, gums, dental pad, feet and udder (Lubroth, 
2002; Rweyemamu et al., 2008b; Sainsbury, 1998). Although mortality in adult animals 
due to FMD infection is rare, weight loss, decreased milk production and loss of draft 
power result in long-term productivity losses to the agricultural sector (Blacksell et al., 
2008) and outbreaks may cause substantial losses to farmers due to treatment expenses and 
time spent caring for sick animals (Rushton, Pilling & Heffernan, 2002). Major losses also 
accrue from limitations on export opportunities through the trade restrictions on animals 
and their products imposed by FMD-free countries during outbreaks (Cleland et al., 1995; 
Gleeson, 2002). Reliable estimates of current production losses due to FMD outbreaks in 
Laos, are lacking although a 10% annual loss has been suggested when mortality rates due 
to FMD and Haemorrhagic Septicaemia (HS) are combined (ADB, 2005). However, if the 
cost of feed used to replace the weight lost during infection is included in estimated losses, 
the financial cost of FMD to cattle and buffalo production in Laos is likely to be much 
higher (Rast, Windsor & Khounsy, 2010). 
 
FMD control is a major challenge in Laos as the country shares borders with 5 other FMD-
endemic countries (OIE, 2011) and is positioned on a major thoroughfare for 
transboundary animal movements in Southeast Asia (Khounsy & Conlan, 2008; Windsor et 
al., 2011). The Southeast Asia Foot and Mouth Disease (SEAFMD) campaign was 
launched in 1997 and updated in 2007, with the goal of achieving FMD freedom in 
Southeast Asia by 2020 (OIE SEAFMD Regional Coordination Unit, 2007). As in 
neighbouring countries, in recent years the predominant strain of FMDv in Laos is serotype 
O followed by serotype A, with no outbreaks of type Asia 1 detected between 2003 and 
2006 (Gleeson, 2002; Khounsy et al., 2009; Perry et al., 2002). Vaccination is a key 
control strategy in managing FMD outbreaks (OIE SEAFMD Regional Coordination Unit, 
2007) and knowledge of serotype is critical in the choice of vaccine to use. Although FMD 
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vaccines do not prevent infection or development of the carrier state in ruminants (Doel, 
2003), they do protect against the debilitation due to clinical disease, including oral and 
pedal vesicular lesions, inappetance and weight loss. Infected vaccinated animals excrete 
less virus so limiting environmental contamination and subsequent challenge to naïve 
animals (Orsel & Bounma, 2009). 
 
For reasons yet to be fully understood, some areas in the Southeast Asian region are 
particularly vulnerable to re-infection, described locally as FMD ‘hotspots’. In this paper 
we define these in northern Laos as areas with a high risk of re-infection with FMDv where 
the infection was recorded twice between 2009 and 2011. They are characterised as areas 
comprising a high large ruminant population, extensive animal trading occurs and contain 
a transit route for transboundary movements. These 'hotspots' have been noted in the 
northern Laos, particularly in certain districts in the provinces of Xiengkhoung (XK), 
Xayabouli (XYL) and Huaphan (HP). As they are considered to be important in FMD 
control, we examined disease records between 2009 and 2011 to identify FMD ‘hotspots’ 
and conducted investigations of the ‘hotspot’ area of Paek district in XK province to 
further our understanding of why disease recurs in this location and whether vaccination is 
likely to be effective. The study builds on the information documented as a case study of 
an outbreak that commenced in late 2008, shortly after part of the population was 
vaccinated (Rast, Windsor & Khounsy, 2010). The re-emergence of FMD from January 
through March 2010 in Paek enabled a retrospective FMD outbreak investigation aimed at 
identifying disease risk factors, plus a post-outbreak pre- and post-vaccination serology 
study to be conducted, assessing the likelihood of protection against further outbreaks of 
FMD. The study aims to assist recommendations important in FMD control, enabling 
improved management of future outbreaks in regional FMD ‘hotspots’. 
 
3.3. Methodology 
 
3.3.1. Review of disease outbreaks 
 
To identify high risk areas for FMD infection or ‘hotspots’ in the 8 northern provinces of 
Laos, disease outbreak records between 2009 and 2011 as reported to the National Animal 
Health Centre (NAHC) of Department of Livestock and Fisheries (DLF) in Vientiane and 
DLF regional office in Luang Prabang (LPB) were examined.  
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3.3.2. Selection of 'hotspot' study site 
 
The selected FMD 'hotspot' site for study was the rural villages of Nong and Nadee in Paek 
district, XK province where a longitudinal study of large ruminant health and production 
has been occurring (Windsor, Soun & Khounsy, 2008). Both villages have high densities 
of large ruminants and are located near roads and border areas between Paek and Khoun 
district around 20 and 32 km respectively from Phonsavan, the provincial capital of XK 
province. XK is located in the north-east of Laos and is an important location for the transit 
of livestock on the trade route into neighbouring Vietnam (Kerr, Sieng & Scoizec, 2012). 
The movements of traders and livestock in XK are uncontrolled. Cattle and buffalo in these 
villages are free-grazing during the day, sharing common grassland with stock belonging 
to other villages’. At night the cattle and buffalo are housed for supervision and convenient 
collection of manure for rice paddy fields. 
 
3.3.3. Retrospective FMD outbreak survey 
 
Study team: a survey of farmers was conducted in July 2010 in Nong village, 6 months 
after the initial report of the most recent FMD outbreak, using the same team of district and 
project staff (trained in a series of large ruminant health and production workshops 
supported by the Australian Crawford Fund between 2009 and 2010) that collaborated on 
previously published studies (Khounsy et al., 2012; Nampanya et al., 2010; Rast, Windsor 
& Khounsy, 2010). 
 
Farmer selection: 30 farmers that reported their livestock recently affected by FMD were 
interviewed. The interviews occurred in 3 groups of 10 farmers, including 3 to 5 females 
per group. Most of the farmers were in regular consultation with project staff and indicated 
willingness to participate in the outbreak investigation. 
 
Survey and data collection: a semi-structured face-to-face interview was conducted using a 
questionnaire developed by the authors. The questionnaire consisted of open and close 
questions designed to collect extensive information on the FMD outbreak, but with 
wording kept as simple and brief as possible to accommodate the needs of the 
questionnaire audience. The interview was conducted by district extension staff in Lao 
language and took between one and two hours per group, with relevant data recorded by 
district staff and analysed by project staff.  
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Sample collection, transportation and analysis: tissue samples from 18 large ruminants 
from 7 different owners were collected in the village by district staff one week after the 
first sign of disease was observed. This was a routine disease outbreak investigation by the 
DLF and samples were transported for analysis at NAHC in Vientiane on 23rd February 
2010, using FMD ELISA typing techniques (Hamblin, Barnett & Crowther, 1986; 
Hamblin, Barnett & Hedger, 1986) to detect FMDV antigen following the standard 
methods provided by the OIE-FMD Regional Reference Laboratory in Pak Chong, 
Thailand. 
 
Cattle and buffalo weight records: the target population of large ruminants in Nong village 
consisted of 239 animals, comprising 167 cattle (127 cows, 40 bulls) and 72 buffalo (39 
cows, 33 bulls). Animals were ear-tagged and weighed using electronic scales every 4 
months, with the weight recorded as part of a three-year longitudinal research project. In an 
attempt to determine if the FMD outbreak influenced weight gain at the village population 
level, weight records in October 2009 (3 months before the outbreak), January 2010 (one 
week before the outbreak) and May 2010 (4 months after the onset of the outbreak) were 
examined.  
 
3.3.4. FMD vaccine serological study 
 
The study was conducted in October 2010 and January 2011 in Nong and Nadee villages. 
Collection of sera, FMD vaccination and data collection: prior to vaccination, 40 serum 
samples were collected in October 2010. This was followed by another 72 sera samples 
collected at the end of December 2010, 2 months post-vaccination. Of the 112 serum 
samples collected over the 2 visits, 33 of the 72 samples at the second collection in 
December 2010 were from the 40 animals collected in October 2010. Blood samples were 
collected by jugular venipuncture but in the absence of a portable centrifuge, blood was 
left to clot on standing and separated serum was expressed from the syringe into serum 
tubes within 24 hours of collection and kept on ice until a freezer was available. All 
sampled animals were vaccinated with a trivalent inactivated FMD vaccine containing type 
O, A and Asia1 antigens (AFTOVAX®, Merial France) in October 2010. Vaccinated 
animals received 2 ml of vaccine by subcutaneous injection over the dorsal aspect of the 
scapula by trained district staff.  
 
41 
The October 2010 weight records of the sampled 79 large ruminants were used to 
determine any significant association between weight at the time of vaccination and 
antibody response to the vaccine. Information on gender, age and body condition scores 
(BCS) of each sampled animal were also recorded during pre - and post-vaccination 
sampling on a scale of 1 - 3 (being thin, fair and fat respectively). 
 
Laboratory serological analysis: the samples were submitted for analysis by 2 different 
serological tests for FMDv at the NAHC laboratory in Vientiane. 
 
Structural Protein (SP) Liquid Phase Blocking (LPB)-ELISA: samples were assayed for 
antibodies against FMDv SP’s as described (Blacksell et al., 2008; Hamblin, Barnett & 
Crowther, 1986; Hamblin, Barnett & Hedger, 1986) and results were expressed as the final 
test serum dilution ELISA ratios (ER) of 1: < 40, 1: 40, 1: 80, 1: 160 or 1: ≥ 320, giving 
50% of the mean optical density (OD) recorded in the control wells.  
 
3ABC Non structural Protein (NSP) ELISA: test sera were also analysed using a 
commercial ELISA kit according to manufacturer instructions (Ceditest®, Cedi 
Diagnostics BV, Lelystad, Netherlands) to detect antibodies to FMDV 3ABC NSPs, as 
described (Bronsvoot et al., 2006; Mwiine et al., 2010; Sorensen et al., 1998). Results were 
expressed as percentage inhibition (PI) of the OD of test wells compared to control wells. 
PI values less than 50% were considered negative and values over or equal to 50% were 
considered positive for the presence of antibodies to the FMDv NSP (Bronsvoot et al., 
2006). 
 
3.3.5. Data management and analysis 
 
Retrospective FMD outbreak investigation: the data was translated and transcribed into a 
spreadsheet in Microsoft Excel. Morbidity and mortality rates were determined and 
qualitative data was summarised. The weights of observed animals between October 2009 
and May 2010 were analysed using a linear mixed model in Genstat 13
th
 edition statistical 
package. Data log-transformation was not required as the weight parameter appeared to be 
normally distributed. A p-value < 0.05 was considered to indicate significant differences 
between the observed quantitative traits. 
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FMD vaccine serology study: due to the low number of anti-SP samples with ER of 1: < 
40, these results were merged with the 1: 40 category, giving 4 ordinal categories for SP 
outcome variables (1: < 40 - 1:40; 1: 80; 1: 160; 1: ≥ 320). Descriptive analysis was 
performed using Minitab 15th statistical package. Frequencies and relative frequencies 
were calculated for categorical explanatory variables, including sampling time, species, sex 
and BCS.  
 
The Unilogistic Macro (Dhand, 2010) developed for the SAS statistical program was used 
in 4 separate univariable logistic regression analyses. Ordinal logistic regression was used 
for anti-SP antibody ER for each serotype and binary logistic regression for the anti-3ABC 
NSP data. P-values were generated for all explanatory variables based on the likelihood 
ratio Chi-square test. Multivariable logistic regression analysis was also performed using 
the SAS GLIMMIX procedure. All variables returning a p-value < 0.25 for the univariable 
analyses were tested by inclusion as fixed effects in the respective multivariable model 
built using a backward stepwise approach. Variables with p-values < 0.05 were retained in 
the final models. 
 
3.4. Results 
 
3.4.1. Examination of FMD records to identify possible FMD 'hotspots'  
 
Between 2009 and 2011 inclusive, FMD outbreaks were reported in at least 4 of the 8 
northern provinces Laos in each year with outbreaks occurring in 2 years of the 3 year 
period in the provinces of XK, XYL and HP (Table 3.1 and Figure 3.1). Within these 3 
provinces, the districts of Paek and Nonghad (on the border to Vietnam) in XK, Xayabouli, 
Paklai, Bortan and Kenthao districts in XYL (on the border to Thailand), and Add and 
Xamtai district of HP (on the border to Vietnam) were identified as FMD hotspot areas in 
the region where currently, the risk of re-infection with FMDv appears to be high. There is 
considerable movement of large ruminants into and out of these districts, particularly 
where they share a border with a neighbouring country. The data also identified that the 
periods December to March and June to August were high risk periods for occurrence of 
FMD infection.  
 
Laboratory analysis at NAHC showed that 11 from 39 samples (2 of 25 samples from 
Phongsali, 6 of 10 samples from HP and 3 of 4 samples from LPB) were positive for 
FMDv type O, with the remaining samples testing negative for FMDv.
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Table 3.1. Summary of FMD outbreaks in the northern Laos, 2009 though 2011.  
 
*Data was based on statistical year book, Ministry of Planning and Investment, Department of statistics 
(2009). ( )  - indicates the data was either not available or there was no reported of FMD outbreaks in that 
province. The districts names are bold as indication of FMD hotspot areas. 
  
 2009 
Province 
No. 
districts
* 
No. affected 
districts 
No. 
Villages
* 
No. 
affected 
villages 
Time. 
Out-
breaks 
No. sick 
buffalo 
No. 
sick 
cattle 
No. 
sick 
pigs 
No. 
dead 
buffalo 
No. 
dead 
cattle 
No. 
dead 
pigs 
Luang 
Namtha 
5 
3: Sing, Nalae 
& Luang 
Namtha 
357 - Augt - - - - - - 
Oudomxay 7 1: Namor 490 - Augt - - - - - - 
Xayabouli 11 
3: Paklai, 
Bortan & 
Kenthao 
448 - Dec - - - - - - 
Xieng-
khoung 
8 
2: Paek & 
Nonghad   
502 - 
Jan - 
Feb 
- - - - - - 
Total 31 9 1797         
 2010 
Oudomxay 7 2: La & Nga 490 10  Dec - - - - - - 
Huaphan  8 
2: Add & 
Xamtai 
738 - Dec - - - - - - 
Xayabouli 11 
6: Xaya,  
Paklai, 
Bortan,Kentha
o, & Hongsa 
448 21  
Dec  
& 
Jul-
Oct  
473 986 - 26 112 - 
Xieng-
khoung 
8 
8: include Paek 
& Nonghad 
502 94  
Jan-
Mar 
5177 18276 3 15 60 1 
Total 34 18 2178 125  5650 19262 3 41 172 1 
 2011 
Phonsali 7 2: Mai & Khua 563 15  
Feb-
Mar 
& 
Jun- 
Sept 
- - - 63 - - 
Luang 
Prabang 
12 
5: Xiengngun, 
Pakou, Nambak 
& Phoukoun 
792 71  
Jun-
Augt 
& 
Nov-
Dec  
3885 3717 604 194 317 43 
Huaphan 8 
8: include Add 
& Xamtai 
738 93 
Jan –
Mar & 
Jun –
Jul 
3699 2701 603 374 190 205 
Xayabouli 11 
4: Xaya, 
Paklai, 
Xaysathan & 
Xienghon 
448 26 
Feb - 
Mar 
- - - - - - 
Total 38 17 2541 205  7584 6418 1207 631 507 248 
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Figure 3.1. Map of Laos and designated FMD hotspot districts (crossed areas) in three 
northern provinces (central and southern provinces not examined) 
 
Note that all districts in XYL province share a border with Thailand, but only some 
districts in HP and XK share a border with Vietnam. *Add district was recently separated 
from Xiengkhor district (located within the western part of Xiengkhor on the map). 
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3.4.2. Retrospective FMD investigation 
 
Outbreak history: clinical FMD cases were reported in Nong village, many other villages 
in Paek district, and some villages in Khoun district in XK between January and March 
2010. Most cattle, buffalo and pigs in Nong village were affected and showed clinical signs 
including fever, salivation, anorexia, lameness, and vesicular lesions in the mouth and on 
the feet. Both sexes and all ages of large ruminants and pigs were infected but mortality 
occurred only in young animals (Table 3.2). The village chief reported the outbreak to the 
local authorities at the end of January 2010, a week after the first case of FMD was 
observed in Nong village. This recent outbreak followed another FMD outbreak that had 
been described in detail (Rast et al., 2010), occurring between December 2008 and 
February 2009 in Paek district, XK province.  
 
Source of infection and transmission: although the source and mode of transmission of the 
disease remain inconclusive, there was considerable discussion amongst farmers and local 
authorities that the disease was most likely spread by human, vehicle and animal 
movement within Paek district but probably originated from other districts and provinces 
or even neighbouring countries. This was supported by the survey that identified that there 
were new introductions into Nong village from various locations in January 2010 (Table 
5.2) following the sale of fattened animals the previous December. No quarantine was 
applied to newly introduced animals. Laboratory analysis of tissue samples from Nong 
village revealed 7 of 18 samples as positive for FMDv type O (Myanmar 98 topotype) with 
the remainder negative for FMDv. 
 
FMD treatment and prevention: in December 2008, 284 cattle and buffalo (more than 95% 
of the population) in Nong village were vaccinated against FMD. However the vaccination 
program was not repeated in 2009 as vaccine was unobtainable. Farmers reported 
separating sick animals from normal animals upon noticing clinical signs consistent with 
FMD. Infected large ruminants were kept in a dry area and treated with lime, star fruit and 
other acidic fruit juices to wash vesicular lesions on the mouth and feet. As feed supplies 
are scarce at that time of the year, infected animals were mostly fed on rice straw. 
Disinfection of clothing and equipment after treating FMD - infected animals was rarely 
practiced.  
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FMD outbreak impact: data on morbidity and mortality were tabulated (Table 3.2). The 
morbidity rates in cattle and buffalo exceeded 90%. Mortality was low with one cattle and 
four buffalo deaths recorded, all aged less than 6 months. The 5 carcasses were buried. 
 
Cattle and buffalo male and female weights between October 2009 (4 months prior to the 
outbreak), January 2010 (1 week prior to the outbreak) and May 2010 (4 months after the 
outbreak) were tabulated (Table 3.3). The trends suggest that all class of large ruminant 
animal with the exception of female buffalo lost weight between October and January just 
prior to the outbreak. However there were no significant differences in weight variation in 
both species when both the factors of time of measurement and gender were included in 
the analysis. The prediction means of the weight of bulls were 135.9 kg (±5.6) and 147.8 
kg (±5.6) at the January and May 2010 measurements respectively (p = 0.55). The mean 
weights of male buffalo were 328 kg (±16.1) and 340 kg (±16.1) at the January 2010 and 
May 2010 measurement respectively (p = 0.96).  
 
  
47 
Table 3.2. Summary of morbidity and mortality data of the 2010 FMD outbreak in Nong 
village. 
 
 
Total no. of 
animals 
No. of introduced 
animals 
Morbidity Mortality 
No cases % No cases % 
Cattle 305 21 289 95 1 0.003 
Buffalo 163 16 150 92 4 2.45 
Pigs 45 23 40 88 5 11.1 
 
 
 
 
Table 3.3. Changes in large ruminant weights between October 2009 and May 2010. 
 
 Oct 09 Jan 10 May 10 p-value 
a
 
Cattle: 
a. Bull weight (kg) 
Prediction means 
Standard error 
b. Cow weight (kg) 
Prediction means 
Standard error 
 
 
146.60 
  58.80 
 
168.8 
     3.30 
 
 
135.90 
    5.60 
 
155.70 
3.20 
 
 
147.80 
    5.60 
 
160.3 
3.10 
 
 
0.55 
 
 
0.55 
Buffalo: 
c. Bull weight (kg) 
Prediction means 
Standard error 
d. Cow weight (kg) 
Prediction means 
Standard error 
 
 
336.90 
  16.60 
 
336.40 
  15.00 
 
 
328.8 
  16.10 
 
335.40 
  15.00 
 
 
340.10 
  16.10 
 
340.2 
  16.10 
 
0.96 
 
 
0.96 
 
a 
indicates significant difference between the mean of each parameter (p < 0.05). 
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3.4.3. FMD vaccine serology study 
 
General information of the observed vaccination animals: of the 112 samples from the two 
villages, cattle samples accounted for 82.5% and 61.1% of the pre- and post-vaccination 
samples respectively and provided 68.8% of the samples for analyses. Females comprised 
80% of the pre-vaccination samples and 77.8% of the post-vaccination samples. 
 
The age of the sampled animals ranged from 2 to 12 years; the mean age of the sampled 
cattle was 5.2 and 5.9 years in Nadee and Nong village respectively. The mean age of the 
buffalo was 6.9 and 5.3 years in Nadee and Nong village respectively. The mean weight of 
cattle in Nong and Nadee village was 185.4 kg (±46.8) and 170.8 kg (±44.7) respectively. 
The majority of the observed animals had a BCS of one or two at the time of pre- and post-
vaccination sampling.  
 
Serotype-specific anti-SP antibody titers: Pre-vaccination antibody ER against type O and 
Asia1 antigens ranged from 1: < 40 - 1: 40 to 1: 160, with 1: <40 - 1:40 being the most 
frequent result. For type A, the range expanded, with one animal returning a 1: ≥ 320 titer, 
although 1: <40 - 1:40 remained the most common result. Post-vaccination, the ER of 1: ≥ 
320 was the most frequent result for all serotypes (Figure 3.2). 
 
Anti-3ABC NSP antibody titers: based on the PI cut-off described, 85% of the combined 
samples from Nong and Nadee villages returned positive results for antibodies against the 
non-structural 3ABC protein, suggesting previous exposure to FMDV. Post-vaccination, 
the proportion of positive samples increased to 93.1%. 
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Figure 3.2. Anti-structural protein antibody titers. The percentage of pre and post- 
vaccination samples returning a certain serum dilution is shown 
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3.4.4. Univariable logistic regression analyses 
 
Serotype-specific anti-SP and Anti-3ABC antibody titers: analyses revealed sampling time 
was the only significant explanatory variable for the antibody titers against SP’s recorded 
for serotypes O (p < 0.001) and A (p < 0.0001). For serotype Asia1, both sampling time 
and species were significant (p < 0.0001 and < 0.002 respectively).  
 
Anti-3ABC antibody titers: results of the Chi-square test revealed no significant 
association between sampling time and the corresponding antibody titers (p = 0.18), 
suggesting no significant change in NSP titers following vaccination. Age was significant 
(p = 0.006) and weight (p = 0.093) was selected for inclusion in the multivariable analysis 
based on the p < 0.25. 
 
3.4.5. Multivariable logistic regression analyses 
 
Serotype-specific anti-SP antibody titers: serotype-specific anti-SP ER revealed a 
significant increase in post-vaccination antibodies to the SPS of FMDv type O, A and 
Asia1. The model for serotype Asia1 also confirmed a borderline significant association 
between species and anti-SP ER, with buffalo 2.5 times more likely to have a higher ER 
than cattle in both pre- and post-vaccination samples. 
 
Anti-3ABC NSP antibody titers: based on the p < 0.25 cut off from the univariable 
analyses; age and weight were tested in the multivariable analysis for anti-3ABC NSP 
antibody titers. Weight was not found to be significantly associated with the presence of 
anti-NSP antibodies (p > 0.05) though age remained significant (p = 0.03) indicating that 
older animals were more likely to have anti-NSP antibodies (Table 3.4). Sampling time 
was included in the final model confirming no significant association with a positive or 
negative anti-NSP titer (p > 0.05).  
 
  
51 
Table 3.4. Variables significantly associated with anti-SP and anti-NSP antibody titer in 
the final multivariable model. 
 
Variables Categories Serotype b
a 
SE
b 
OR
c 
95% CI
d 
p -value
e 
Anti-SP antibody 
- Sampling time 
 
 
- Species 
 
Post-vaccination 
 
 
Buffalo 
 
O 
A 
Asia1 
Asia1 
 
3.5 
2.6 
5.0 
0.9 
 
0.5 
0.4 
0.7 
0.5 
 
32.8 
13.3 
151.8 
2.5 
 
11.7, 91.6 
5.5, 32.5 
1.0, 6.7 
1.0, 6.7 
 
<0.0001 
<0.0001 
<0.001 
0.05 
Anti-NSP antibody 
- Age 
- Sampling time 
 
 
Pre-vaccination 
Post-vaccination 
  
0.4 
0 
0.9 
 
0.2 
 
0.7 
 
1.5 
1 
2.6 
 
1.0, 2.1 
 
0.7, 10.2 
 
0.03 
 
0.16 
a
 parameter estimate, 
b
 standard error, 
c
 Odds ratio, 
d 
95% confidence interval of odds ratio, 
e 
based on 
likelihood ratio χ2 test of significance 
 
3.5. Discussion 
 
This study aimed to identify and understand FMD ‘hotspot’ areas in northern Laos by 
examining records of outbreaks and conducting a retrospective FMD outbreak 
investigation and a serological study of FMD vaccine efficacy in a typical ‘hotspot’ 
district. FMD ‘hotspots’ were found to exist in areas where the large ruminant population 
density is high, animal movement is extensive and often involves transboundary 
movement, and effective animal movement controls are absent. The records of FMD 
outbreaks between 2009 and 2011 in the 8 northern provinces is considered reasonably 
reliable but may be incomplete and provide an under-estimate of both numbers of 
outbreaks and particularly the number of sick and dead animals. In 2011, a total of 108 
FMD outbreaks were officially reported in Laos, affecting 10 provinces, 21 districts and 
289 villages (unpublished). Although the retrospective survey was conducted 6 months 
after commencement of the FMD outbreak, the collected data is considered reliable as it 
was consistent with the extensive records of the village chief, veterinary workers and the 
DLF district staff who are all in regular contact with farmers. The confirmation of serotype 
and the serological data confirms the presence of FMDv circulating in the sampled 
population and documents a significant antibody response to vaccination. 
 
3.5.1. The impact of the 2010 FMD outbreak in Nong village 
 
The mortality and morbidity rates reported in this study are consistent with previous 
findings in FMD outbreaks in Laos (Gleeson, 2002; Khounsy et al., 2009; Rast, Windsor & 
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Khounsy, 2010). High morbidity rates lead to production losses in addition to the time and 
money required to treat affected animals. However due to low mortality rates compared to 
diseases such as HS, many farmers and livestock sector authorities consider that FMD is 
less important. An estimate of the potential financial losses due to the FMD outbreak in 
early 2009 conducted in the same area of this study suggested that when the cost of 
replacement feed is included in the estimates, losses were USD 1.7, 6.9 and 52.4 per cow 
or buffalo for fully vaccinated, partly vaccinated and unvaccinated villages, respectively 
(Rast, Windsor & Khounsy, 2010). If a recent analysis by partial budgeting from 
Cambodia is transferable to Lao PDR, then the losses may be considerably higher (Young 
et al., 2013b). 
 
The weights of infected large ruminants were not able to be recorded at the time the 
outbreak concluded. However data from the October, January and May weight recordings 
does provide some insights into the impact of the FMD outbreak, with a general trend of 
weight loss prior to the onset of infection in January, suggesting animals may be 
increasingly vulnerable to the  risk of infectious disease. Further, during the 7 months 
period between October 2009 and May 2010, there was minimal weight gain in the study 
animals, suggesting substantial impacts on productivity following FMD. 
 
The majority of the weighed animals were mature aged females that were observed to be 
heavier than males for both species. Variation in the weight of cattle was more prominent 
than that in buffalo and this is likely to reflect the current practice of buffalo still being 
used for draft power, meaning they are generally being better cared for and kept closer to 
home rather than sent out for grazing with beef cattle on common pasture. Beef cattle were 
found to be at greater risk for FMD infection than draft buffalo and cattle in Thailand 
(Cleland et al., 1995). Although weight loss occurs with FMD, nutritional deficiency is 
also very likely to be a major factor contributing to the failure to gain weight between the 
weight recordings at the end of the wet season (October), the middle of dry season 
(January) and the beginning of wet season (May). In northern Laos, shortage of feed is 
common at this time of the year and interventions to address this deficiency are being 
introduced, including forage preservation as silage. In addition to offering fattening 
opportunities, forage reserves are potentially important for managing adverse climatic 
impacts that can occur at this time of year (Khounsy et al., 2012). However, FMD 
outbreaks seriously compromise efforts to improve large ruminant productivity, by 
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decreasing weight gains and increasing financial losses through treatment costs, time spent 
for sick animals and potentially, costs of feed to replace weight lost following the extended 
periods when affected animals are unable to eat. Further study is needed to quantify the 
financial impact of FMD outbreaks on smallholders in the northern Laos. 
 
3.5.2. Risk factors for FMD outbreaks and farmers husbandry practices 
 
Discussions with villagers and authorities identified that animal movements were most 
likely of relevance to the onset of this FMD outbreak in Paek district. However the mode 
of transmission remains uncertain and is discussed in relation to various reports in the 
literature. Although air-borne spread of FMD has been documented and infection of the 
respiratory tract is often considered the most common route of entry of FMDv infection 
(Rushton, Pilling & Heffernan, 2002; Rweyemamu et al., 2008a), oral transmission may 
also occur, particularly in swine (Lubroth, 2002) and especially in Southeast Asia 
(Windsor et al., 2011). In northern Thailand where cattle and buffalo production is still 
free-range and similar to that in northern Laos, it was found that the risk of FMD infection 
increased with the number of neighbouring villages sharing a common water source for 
their cattle and buffalo, as this increased the chance of infection by spread of the disease 
between large ruminant herds of neighbouring villages (Cleland et al., 1995). Most 
interviewed farmers mentioned that they isolated their infected animals for treatment 
without disinfecting themselves after each treatment. However they still allowed their 
healthy animals to graze on the common community land and paddy fields during the time 
of the outbreak. This practice probably increases the likelihood of transmission of infection 
and could be a major contributing factor to the spread of the FMD within and between 
villages and to other areas during an outbreak. Poor housing, nutritional deficiency, 
unrestricted animal movements and lack of control of ‘in-contact’ animals and people are 
thought to be important factors for increasing the risk of FMD infection and transmission 
in villages such as Nong.  
 
3.5.3. The need for village biosecurity programs 
 
The study identified the need for village biosecurity training covering the hygienic 
practices that can reduce the risk of infectious diseases occurring or being introduced into a 
herd or a country, and includes practices designed to control the spread of infectious agents 
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within a herd (Dargatz, Garry & Dargatz, 2002; Larson, 2008; Morley, 2002). Although 
concepts of biosecurity are not new, to develop an effective biosecurity plan for infectious 
or contagious diseases such as FMD, understanding of the host, pathogen and 
environmental interaction is required (Larson, 2008). Virulence and the mode of 
transmission of pathogens influence their impact and interaction with a host population. 
Therefore understanding the roles and effects of each factor will enhance the capability to 
design a biosecurity program as tabulated (Table 3.5). 
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Table 3.5. Biosecurity strategies and their requirements 
 
 Biosecurity Strategy Requirement Practicality and suitability to 
Lao farmers 
Testing and cull - Accurate diagnostic test 
- Carrier animals are only or primary source of infectious agent 
- Complete strategy that combines testing with movement 
- Restriction prior to testing 
Unlikely due to financial 
limitation and farmers’ 
participation and supports 
Testing and isolation - Accurate diagnostic test 
- If clinical signs as test, infectious period must not begin before 
clinical signs 
- If using diagnostic laboratory test, the carrier state must be short-
lived and self-limiting or isolation must be life-long 
Unlikely due to financial 
limitation and difficulties to 
carry out in field conditions 
Testing and treatment - Accurate diagnostic test 
- Treatment must effectively clear carrier 
- Tools and equipment disinfectants 
Unlikely due to financial 
limitation and difficulties to 
carry out in the field 
Vaccination  
Programmes 
- If combined with testing strategy, must not interfere with testing 
accuracy 
- Must either prevent infection or decrease transmission 
- Regular vaccination in particular at the beginning of the dry season 
when a FMD outbreak likely to happen 
Likely and recommended as a 
second most important 
strategy.  Strategic vaccination 
programs should be 
implemented around October 
in high density areas of large 
ruminant population in border 
areas between districts, 
provinces and countries. 
Management 
- Limit population size 
- Herd management  
  
 
 
- Decrease transmission 
 
 
 
 
 
- Decrease 
immunosuppression 
 
 
 
 
- Increase awareness and 
cooperation between all 
stakeholders 
- Even with same animal density, will decrease number of contacts 
- All in all out strategy 
- Avoiding mixing different age of animals of different ages within 
herd 
 
- Decrease animal density, isolate susceptible age animals from 
potential carriers 
- Sanitation to decrease environmental transfer 
- Restriction animal movement and quarantine 
- Tools, equipment and vehicle disinfectants  
 
- Limit environmental stressors: heat, cold and dust 
- Adequate nutrition and water supply via forage plantation and feed 
preservation (silage making) for the dry season. 
- Regular removal of manure from housing stalls through manure pit 
 
- Disease declaration 
- Disease knowledge improvement for animal health workers and 
local farmers via extensive training programmes 
- Interaction and cooperation with all stakeholders (farmers, traders, 
extension workers, researchers and policy makers) 
Priority strategy to be 
implemented and farmer 
knowledge and disease 
awareness need to be improved 
in order to obtain maximum 
support from farmers  
 
Source: adaptation from Larson (2008). 
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The development of a basic biosecurity plan to assist FMD control by smallholder farmers 
in 'hotspot' areas in northern Laos should focus on herd management practices and a 
realistic implementation of program delivery. ‘Test and Cull’ programs for FMD are 
impractical in Laos, due to limited financial resources and unlikely farmer cooperation 
(Gleeson, 2002; Nampanya et al., 2010; Perry et al., 2002). However, local disease 
reporting networks should be strengthened through continuing education of farmers and 
animal health workers and rapid disease recognition and reporting should be encouraged, 
together with promotion of interventions that can limit disease transmission, including 
isolation of sick animals where possible, limiting human and animal movement during an 
outbreak, and proper management of infected materials. These are essential components of 
successful FMD control programs in Southeast Asia (Windsor et al., 2011). However, this 
study of a typical FMD ‘hotspot’ area with high large ruminant density and located in a 
border area where transboundary movements are common, highlights the importance of 
regular vaccination of as many of the adult large ruminants in the area as possible, 
particularly towards the end of the year when rice harvesting is completed and animal sales 
are occurring.  
 
Implementation of effective village-level biosecurity remains a challenging concept in 
Laos. It requires involvement of all stakeholders, including farmers, traders, livestock 
extension officers, researchers and policy makers, in promoting disease prevention and risk 
management. Farmer education on biosecurity is critical to enable uptake of biosecurity 
programs, and to ensure sustainability, they should be implemented together with a number 
of important productivity improvement interventions. Forage plantations and feeding 
practices for improved nutrition, better housing and hygiene, plus marketing interventions 
are required to drive profitability of smallholder beef production. An increasingly 
profitable beef industry is considered important for enhancing farmer receptivity for 
animal health interventions, including FMD vaccination and biosecurity training to manage 
disease risk, particularly in ‘hotspots’. 
 
3.5.4. The need for improved animal movement control  
 
This study identified the importance of quarantine and animal movement control measures 
in preventing FMD outbreaks and the lack of these controls most likely led to the outbreak 
in Nong village. In addition to ineffective quarantine at the village level, animal movement 
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control at district and provincial levels is lacking in northern Laos. Animal movement 
check points between border areas are currently either not in practice or if present can be 
avoided, increasing the vulnerability of many provinces to FMD incursions through the 
movement of FMDv infected animals (Rushton, Pilling & Heffernan, 2002; Rweyemamu 
et al., 2008a). Since Laos is located in a major thoroughfare for transboundary animal 
movements in Southeast Asia, sharing borders with 5 other FMD-endemic countries 
(Vietnam, China, Myanmar, Thailand and Cambodia) it is very likely that ineffective 
animal movement controls will continue to compromise FMD control programs in the 
region (Khounsy et al., 2008; Windsor et al., 2011). This study suggests that Lao 
authorities should consider improving management of livestock across borders including 
placing effective check points at borders of XK, HP, Phongsali, XYL and Luang Namtha 
provinces. This may reduce the risk of FMD incursions in ‘hotspot’ areas as these 
provinces are a thoroughfare for large ruminant movements into and out of Laos. Current 
large ruminant transboundary movements are considered to be mainly in from Thailand 
through XYL, BK and LNT, out to Vietnam through XK, HP and Phongsali, and out to 
China through LNT and Phongsali.  
 
3.5.5. Field surveillance and reporting 
 
The national disease surveillance system is an essential tool in providing crucial 
information on the current status of FMD and is important when considering the design of 
biosecurity programs (Morley, 2002). A functional surveillance system identifies problem 
areas that should be targeted for control measures and provides early warning to improve 
and adjust biosecurity plans. Our survey identified there were ineffective and delayed 
disease reporting and response measures in the XK ‘hotspot’ for FMD. The study 
identified that disease reporting systems from village to district, provincial and central 
levels need to be strengthened. Currently disease reporting and communications are 
‘passive’, relying on an awareness of its importance by local villagers and authorities 
(Khounsy & Conlan, 2008). In some cases livestock owners and local authorities may fail 
to reveal disease outbreak information as the presence of the disease has negative 
repercussions on both farmers through loss of trade and marketing opportunities, plus the 
reputation of animal health services (Gleeson, 2002). At the village level, the village chief 
and veterinary workers need to be responsible for monitoring and reporting the disease 
status within their villages, with district staff and researchers providing assistance for 
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village-level biosecurity development, monitoring and evaluation. This study identifies the 
urgent need for improved biosecurity and emergency disease response training to improve 
capacity for disease prevention, reporting and response in the FMD ‘hotspots’. 
 
For Laos to achieve FMD freedom with vaccination by 2020 as suggested in the objectives 
of the regional OIE coordinated SEAFMD program (OIE SEAFMD Regional Coordination 
Unit, 2007), effective post-vaccination monitoring and surveillance strategies need to be 
implemented in the field and verified by laboratory investigations. Although this study was 
limited by financial and logistical constraints, it does provide initial field data on FMD 
exposure and vaccination. Future surveillance work could include longitudinal 
investigations into the magnitude and duration of anti-FMDV antibody responses under 
field conditions to assist in determining optimal inter-vaccination intervals  in ‘hotspots’ in 
Laos and other FMD endemic areas in Southeast Asia. Assessment of vaccine efficacy is 
assisted by serological tests that distinguish between infected and vaccinated animals 
(DIVA testing) and the future use of tests for detection of antibodies to FMDV NSP’s is to 
be encouraged.  
 
3.5.6. Strategic vaccination programmes 
 
The 2010 FMD outbreak in Paek district was likely due to biosecurity failure and absence 
of vaccination during a peak disease risk period, shortly after harvest at the onset of the dry 
season when fat stock have been sold and replaced with many new ‘store’ animals and 
retained animals have been losing weight. The vaccination programs in Paek in 2008 
appeared to be very effective in preventing the occurrence and severity of FMD (Rast, 
Windsor & Khounsy, 2010). In areas where FMD vaccines are available regular 
vaccination programs every 5 to 6 months are recommended (Lubroth, 2002; OIE-FAO, 
2012; Windsor et al., 2011). However, in northern Laos, widespread and regular 
vaccination of the entire at risk population is not economically feasible. Hence, the authors 
suggest that regular vaccination programs be prioritised in the identified ‘hotspots’, 
particularly where there is a dense  large ruminant population and animal movements in 
border areas between districts, provinces and countries are common. The strategy should 
aim to maximise the use of available FMD vaccines in reducing the spread of future FMD 
outbreaks. Should an outbreak occur, ring vaccination could be considered if sufficient 
resources are available, although other interventions including public awareness of 
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biosecurity practices that limit FMDV transmission are important considerations in 
effective FMD management, as demonstrated in the Philippines FMD eradication program 
(Windsor et al., 2011). 
 
Our study identified that the pre-vaccination anti-SP results ranged from 1: < 40 - 1: 40 to 
1: ≥ 320, with lower ER more common. Animals without detectable antibody may have not 
been exposed to the virus and this is possible in animals born after the December 2008 - 
January 2009 and January 2010 FMD outbreaks when 54.2% of animals were vaccinated 
in Nadee village compared with 100% of animals in Nong village (Rast, Windsor & 
Khounsy, 2010). Those animals returning low but detectable ER’s may have had declining 
antibody levels following previous infection or vaccination. A serological study on the role 
of carrier buffalo in the transmission of FMD in Laos provided evidence for the presence 
of a carrier state in Lao buffalo of at least 20 months (Verin, 2011). If the 2008 vaccination 
played a significant role in the pre-vaccination titers of the current study, it would be 
expected that Nadee would have significantly lower titers given the substantially lower 
2008 vaccination rate than Nong. However, when the multivariable logistic regression 
model was retested with village as a fixed effect, there was no significant difference in the 
titers between villages. This supports the view that vaccine-induced immunity is of short 
duration, as reported in the literature (MaCullough et al., 1992; Van Maanen & Terpstra, 
1989). The pre-vaccination anti-SP titers in this study are considered more likely due to 
previous exposure to FMDV during the 2008 - 2009 or 2010 outbreaks, rather than the 
result of vaccination almost two years prior to this study. As cattle may resist infection by 
the same FMDv strain for up to four and a half years (Doel, 2003), in areas where FMD 
outbreaks occurred in the previous year and provided there is a good record of infected 
animals, it may be possible to consider the use of FMD vaccine in specific large ruminants 
that were not exposed to FMDV in the previous year to maximise the use of the vaccine 
where supplies are limited. 
 
The LPB-ELISA ER revealed a significant increase in anti-SP antibodies in post-
vaccination sera, when compared to pre-vaccination samples although the results must be 
view with caution as the LPB-ELISA is well known to give a proportion of false positive 
results especially in the lower range (Windsor et al., 2011). This suggests that the vaccine 
was very effective in initiating an immune response and is consistent with field 
observations indicating clinical protection of vaccinated cattle and buffalo at the same 
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study sites during the reported 2008 - 2009 FMD outbreaks (Rast, Windsor & Khounsy, 
2010). Importantly, the increase in post-vaccination antibody titers suggests adequate 
transport, storage and administration of the vaccine and provides evidence that the current 
methods of sample collection, transport and laboratory analysis of test sera are effective. It 
is recommended that future vaccination campaigns employ regular post-vaccination 
serological monitoring to facilitate early detection of vaccination failure, be it due to viral 
lineage changes, vaccine quality, insufficient administration or ineffective monitoring 
procedures.  
 
3.5.7. Factors affecting the antibody response 
 
It is expected that as animals age in an FMD endemic area they have an increased 
likelihood of exposure to FMDv. The study showed an association between age and anti-
NSP antibodies that was independent of sampling time. Based on the multivariable logistic 
regression analysis, and assuming linearity, with each additional year, a large ruminant in 
Paek was found to be 1.49 times more likely to have produced anti-3ABC NSP antibodies. 
The study found that buffalo were 2.5 times more likely than cattle to have higher antibody 
levels against Asia1 SP antibodies, irrespective of sampling time. This may be a true 
difference, or due to individual variation that would be diluted with a larger sample size.  
 
It should be noted that even in smallholder villages, the populations of different species are 
likely to be at a different risk of infection with FMDv, depending on many factors 
including the pathogenicity of the virus to the host (Windsor et al., 2011). However other 
factors, particularly in buffaloes, may contribute to species variations in serological 
responses to FMDv in both vaccinated and naturally infected populations. In addition, 
undisclosed vaccination may have occurred although is considered unlikely in the study 
villages. Unreported or even undetected and presumably subclinical FMDv infection may 
also have occurred, as was suggested in the Philippines to account for a higher prevalence 
of positive ER in buffalo with ER to A serotype during an outbreak of porcinophilic O 
serotype and it was considered possible that large ruminants with persistent ER might be 
chronic carriers of FMDv (Windsor et al., 2011). Further studies are required to identify if 
the apparent variations in the serological response of buffalo to FMD vaccination when 
compared with cattle are consistent for this species. 
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Husbandry practices and environmental factors such as nutritional stress from deficits in 
energy, protein and micronutrients plus poor water quality may compromise antibody 
responses to FMDV. Environmental stressors such as cold temperatures (Khounsy et al., 
2012), overcrowding and unsanitary housing can also cause varying degrees of immune 
suppression (Larson, 2008), increasing the risk of disease. This may be important in 
northern Lao PDR where cattle and buffalo are housed in close proximity and under 
restricted conditions, and adequate feed and clean water are not always available. The 
study identified that the large ruminant population had been losing weight just prior to the 
onset of FMD. 
 
3.5.8. Public awareness and recommended extension interventions 
 
The retrospective investigation showed that the interviewed farmers had a basic 
recognition of the symptoms and lesions of FMD as they had experienced a series of FMD 
outbreaks several times in the past 10 years (Khounsy et al., 2009; Perry et al., 2002; Rast, 
Windsor & Khounsy, 2010). A farmer knowledge survey conducted in the same site in 
2009 showed that almost half of the interviewed farmers in XK were aware of and could 
recognise FMD from the clinical signs (Nampanya et al., 2010). Although some key 
biosecurity messages had been introduced to the study sites by the district staff, it appears 
likely that the information provided by the end of 2009 was insufficient to prevent entry 
and spread of FMDV. This indicates a need for more rigorous training programs to be 
effective in an FMD ‘hotspot’. It has been demonstrated that effective disease training 
programs leading to significant improvements in farmer knowledge require intensive 
inputs, as demonstrated recently in Cambodia where FMD is also endemic (Nampanya et 
al., 2011). Improvement of veterinary services is also an essential component for the 
delivery of effective animal movement control, surveillance, vaccination and public 
awareness (Windsor, 2011) to enhance FMD prevention and control in FMD ‘hotspot’ 
areas such as XK in northern Laos. 
 
In addition to strategic vaccination campaigns, improved large ruminant productivity 
through better animal nutrition and health is a key driver of increasing smallholder farmer 
income (Nampanya et al., 2010). The growing contribution of large ruminants to villager 
household income is increasingly dependent on enhanced disease risk management, with 
improved biosecurity knowledge required if the further development of small and medium 
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size large ruminant producer enterprises is to continue and lead to substantial poverty 
reduction in Lao PDR (Windsor, 2011). Findings from this study indicate that large 
ruminant smallholders and traders in ‘hotspots’ should be trained in disease recognition 
and reporting to facilitate more rapid emergency disease response measures, including 
movement controls, quarantine and disinfection. However, achieving effective 
improvements in biosecurity practices by large ruminant smallholder farmers and traders 
appears to require intensive training programs. To improve adoption of biosecurity training 
programs, they should be delivered as part of a broader training program aimed at 
improving husbandry practices that lead to increased profitability of animals traded. 
Improved incomes from animal trading will lead to greater awareness of the importance of 
transboundary disease risk management.  
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3.7. Abstract  
 
A retrospective investigation of financial losses incurred by large ruminant smallholder 
farmers due to outbreaks of Foot and Mouth Disease (FMD) in 2010 - 2012 in northern 
Laos was conducted in 2012. The aim was to support recommendations on sustainable 
transboundary animal disease control strategies in the Greater Mekong Subregion (GMS). 
Large ruminant smallholders in the three northern provinces of Luang Prabang (LPB), 
Xiengkhoung (XK) and Xayabouli (XYL) were interviewed (n = 310). Financial losses 
were determined, including direct losses due to mortality (100% of pre-FMD sale value) 
and morbidity (difference between the expected sale price pre-FMD and 1 month following 
onset of FMD), and indirect losses due to costs of treatments. The losses due to FMD per 
household varied between provinces (p < 0.001) and were USD 1124, USD 862 and USD 
381 in LPB, XK and XYL, respectively, being 60, 40 and 16% of annual household 
income. Comparison of the costs of FMD with annual household income from sales of 
large ruminants indicated losses of 213, 181 and 60% of the income in LPB, XK and XYL, 
respectively. The variation in losses between provinces was due to differences in levels of 
morbidity with highest in LPB, treatment methods with antibiotic use common in LPB, age 
of animals sold and sale prices with higher prices in XK. Partial budget analysis of 
biannual FMD vaccination indicated an average net benefit of USD 22 and USD 33 for 
cattle and buffalo, respectively. However, vaccination alone is unlikely to control FMD in 
the region. Promotion of multiple large ruminant health and production intervention 
programmes to stimulate interest in biosecurity in addition to vaccination is recommended, 
providing a more sustainable pathway for poverty reduction through the current expansion 
of livestock investments in the GMS. 
 
Keywords: Financial impact, Foot and Mouth Disease, large ruminant health and disease 
control 
 
3.8. Introduction 
 
Foot and Mouth Disease (FMD) is the most important of transboundary animal diseases 
(TADs) and is now considered a disease representing failure of the global food security 
system (Rushton, 2009). FMD is a highly contagious disease endemic in much of Asia, 
Africa and the Middle East with more than 100 countries currently infected (OIE-FAO, 
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2012). Although the FMD viruses (FMDv) belong to family Picornaviridae with 7 distinct 
serotypes (A, O, C, Asia 1 and SAT 1, 2 and 3) in terms of disease control and because of 
co-circulation of multiple serotypes and dynamic animal trade, it has become more 
relevant to consider the groupings of isolates within serotypes into 7 regional ‘pools’ 
(Lubroth, 2002; Paton et al., 2009). The Greater Mekong Subregion (GMS) is within FMD 
virus Pool 1 where the recent epidemic that involved isolates of O (Cathay, SEA Mya-98, 
Pan Asia), A (SEA 97) and less commonly Asia 1 serotypes, spread through much of south 
east and eastern Asia, including Laos, Cambodia, Myanmar, Thailand, Vietnam, Malaysia, 
China, Korea and Japan (Khounsy et al., 2009; Knowles et al., 2012; Madin, 2011; Perry et 
al., 2002; Rweyemamu et al., 2008b). 
 
Foot and Mouth Disease control is a major challenge in the GMS and particularly in Laos 
and Cambodia where transboundary trade in livestock occurs across national borders 
shared with multiple endemically infected countries (OIE SEAFMD Regional 
Coordination Unit, 2011). Laos in particular is positioned on a major thoroughfare for 
animal movements from Myanmar and Thailand to China and Vietnam (Kerr, Sieng & 
Scoizec, 2012; Khounsy et al., 2008; Windsor, 2011). The Progressive Control Pathway 
(PCP) for FMD in the Southeast Asia and China Foot and Mouth Disease Control Program 
(SEACFMD) promotes FMD risk reduction plus increased market access to improve the 
livelihoods of livestock dependent communities in the FMD endemic areas (OIE-FAO, 
2012; OIE SEAFMD Regional Coordination Unit, 2011; Rweyemamu et al., 2008a; 
Rweyemamu et al., 2008b). Laos and Cambodia are at the commencement of the five 
stages in the PCP for FMD. For these countries to progress on the PCP and successfully 
participate in regional FMD control programmes by 2020, it is clear that attention to the 
numerous measures involved in TAD control is required (OIE-FAO, 2012; Windsor et al., 
2011). Improvements in public awareness of the importance of biosecurity and disease 
reporting and surveillance, rapid emergency disease response capacity, plus understanding 
of livestock movements and regional international trade risks should be high priority 
strategies alongside animal movement control and strategic vaccination (OIE SEAFMD 
Regional Coordination Unit, 2011; Windsor et al., 2012). 
 
The strategic framework of the SEACFMD describes the need for surveillance, early 
detection and reporting, rapid response, understanding livestock movement and trade in the 
region (OIE SEAFMD Regional Coordination Unit, 2011). Gaining support for the 
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program from large ruminant smallholder farmers is very important for FMD control 
programs to be successful. This can be enhanced through educating farmers and the public 
about the financial impact of the disease and that FMD control has been implemented 
successfully in other countries in the region (Windsor et al., 2011).  
 
Currently, reliable estimates of losses due to FMD in Laos are lacking, although a 10% 
annual loss has been suggested when mortality rates due to FMD and Haemorrhagic 
Septicaemia (HS) are combined (ADB, 2005). This study aimed to determine the financial 
impact of FMD outbreaks between 2010 and 2012 on large ruminant smallholder farmers 
in northern Laos, providing information for progressing recommendations on sustainable 
TAD control in the GMS.  
 
3.9. Methodology 
 
3.9.1. Survey period, location and farmer selection 
 
The surveys were conducted between May and September 2012 in three northern provinces 
of Luang Prabang (LBP), Xiengkhoung (XK) and Xayabouli (XYL). Three districts in 
each province (n = 9) were selected, based on discussions and consultations with senior 
government officers and consideration of reports of recent FMD outbreaks. In each 
selected district, two to four villages (n = 32) were chosen for the interview from affected 
village list available with consultations with the local authority and the criteria that (i) a 
series of FMD outbreaks occurred in the villages in 2010 - 2012; (ii) an abundance of large 
ruminants were present in the village; (iii) there was considerable trading of large 
ruminants into and out of the village; (iv) local traders and/or slaughter points were 
operating in the village; (v) ethnicity of the village and (vi) year round vehicular access.  In 
each village, 8 - 10 affected farmers were interviewed (n = 310) following discussions with 
the village chief and village veterinary worker in addition to farmer availability during the 
interview period. The major inclusion criteria were that the participating smallholder 
farmers had large ruminants affected by FMD between 2010 and 2012 and were willing to 
participate in the survey. 
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3.9.2. Farmer interviews 
 
A survey team of nine district livestock extension staff, three provincial livestock staff and 
the senior author interviewed the head of each household, taking approximately one hour 
per farmer and one day per village. The interviews were informal, offering open questions 
about the topic, followed by probing questions to clarify the answers to complete 
information requested in the questionnaire. Questions covered socioeconomic parameters 
(annual household incomes, number of large ruminants), treatment costs for each FMD-
infected animal and financial losses due to mortalities and morbidities (expected sale price 
of animal pre-FMD and one month following the onset of FMD). The husbandry practices 
of the farmers and their responses during the FMD outbreaks were also recorded. 
 
3.9.3. Data management and Analysis 
 
The data were transcribed into spreadsheets in Microsoft Excel 2010 (Microsoft office 
2007). Annual household incomes were classified according to livelihood activities and 
included income from sales of agricultural produce (rice, maize, peanuts and vegetables) 
designated as ‘cropping’, small animals (pigs, poultry and goats), large ruminants and 
other activities including labouring, trading and sale of non-timber forest products (NTFP) 
designated as ‘other’. Estimations of financial losses due to FMD used a published 
framework (Rushton, 2009) and were calculated following modification of our approach 
used previously in Cambodia due to differences between upland and lowland livestock 
systems (Young et al., 2013b). Direct losses included those due to mortality (100% of pre-
FMD sale value) and production losses due to morbidity, but excluded values of animal for 
draught as few draft animals are used in these provinces. Indirect losses included the costs 
of treatment with medicines, but excluded time taken in the care of FMD-infected animals 
and loss of secondary employment as few interviewed farmers had secondary employment 
opportunities in these provinces. Losses due to mortality were calculated from 
consideration of 100% loss of the farmer estimated pre-FMD sale value of the animal if it 
had been sold prior to FMD, multiplied by the number of mortalities. Losses due to 
morbidity were calculated from consideration of the difference in estimated sale values 
pre-FMD and one month following the onset of FMD, multiplied by the number of 
mortalities. For this calculation, animals were classified by age cohort (< 2, 2 - <4, 4 - 6 
and > 6 years old) and species (cattle and buffalo). 
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Quantitative traits (household incomes, financial losses due to FMD etc) were analysed 
using a restricted maximum likelihood (REML) in GenStat 14th edition statistical program 
(VSN International) with province as a fixed effect and farmer identification as a random 
effect. Linearity, homoscedasticity and normality assumptions were checked by diagnostic 
plots of standardized residues of the quantitative traits on model checking options of 
REML. Log-transformations were conducted to some variables to satisfy the test criteria. 
Dichotomous qualitative traits on responses to farmer attitudes and practices towards FMD 
were analysed using a chi-square test. Comparisons across the observed provinces were 
made with a p-value of < 0.05 indicating significant differences. 
 
FMD vaccination running costs were derived from records of village vaccination 
programmes in the research project ‘Best practice health and husbandry of cattle and 
buffalo in Laos’, funded by the Australian Centre for International Agricultural Research 
(ACIAR AH 2006/159) between 2010 and 2011 (Windsor, Soun & Khounsy, 2008). As 
these villages were located 20 and 30 km from the nearest town, the costs included 
purchase of FMD and HS vaccines, vaccination equipment and per-diem for travel costs 
for the district staff based on the government rate. The cost of the vaccination procedure 
per village was compared with the estimated financial losses had an FMD outbreak 
occurred in that village. The FMD financial impact per village was calculated on the cost 
per household and number of livestock owners in the village, with a sensitivity analysis 
performed to estimate losses if 50, 75 and 100% of households with large ruminant 
affected. 
 
Further, a simple partial budget (PB) model for biannual FMD vaccination was used to 
determine the expected net benefit or cost of using FMD vaccination to control the disease 
on smallholder farms. The determination of PB was estimated separately for cattle and 
buffalo affected by FMD and was based on four components, where net benefits = 
(additional returns + reduced costs) - (return forgone + extra costs), as previously 
described (Dijkhuizen & Morris, 1997; Young et al., 2013b). The PB estimations were 
based on input variables from the survey results and assumptions that (i) FMD vaccines 
provide perfect protection for cattle and buffalo against FMD infection morbidity (reduced 
sale value and weight loss) and mortalities, (ii) cost of administering a single vaccination is 
UDS 2.1 per animal, (iii) no buffalo were used for draught, (iv) there was no salvage value 
for deaths of cattle and buffalo, (v) sale price of live cattle and buffalo in northern Laos 
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remains stable, (vi) the animals were free-grazing and had an annual daily weight gain of 
100 gram/day (unpublished data) and (vii) that an FMD outbreak would occur every 5 
years in the respective village (i.e. village incidence of 0.2). 
 
3.10. Results 
 
3.10.1. Number of interviewed farmers and their household rice sufficient status 
 
The number of interviewed farmers and their household rice sufficient status by province 
category were tabulated (Table 3.6). The proportion of the interviewed farmers growing 
paddy rice ranged between 75% in XK and 92% in XYL (p = 0.004) with 73 and 91% of 
the interviewed farmers in XK and XYL, respectively, indicating they had produced 
enough rice for their household annual consumption (p = 0.001). 
 
3.10.2. Large ruminant smallholder annual household income and financial impact of 
FMD 
 
The predicted mean of the total annual household income was USD 1,873, USD 2,168 and 
USD 2,325 in LPB, XK and XYL, respectively (p < 0.001), with USD 527, USD 477 and 
USD 638 derived from the sale of large ruminants, respectively (p = 0.04; Table 3.7 and 
Fig. 3.3). 
 
The numbers of large ruminants per household prior to the FMD outbreaks were 8.4, 9.6 
and 6.5 head in LPB, XK and XYL, respectively (p = 0.004; Table 3.8). The number of 
large ruminants reported displaying clinical signs of FMD were 8.1, 6.0 and 2.8 in LPB, 
XK and XYL, respectively (p < 0.001), with average large ruminant mortalities due to 
FMD of 0.3 and 0.2 per household in LPB and XYL, respectively. 
 
The estimation of financial losses due to FMD per household was USD 1,124, USD 862 
and USD 381 in LPB, XK and XYL, respectively (p < 0.001), being 60, 40 and 16% of the 
household annual income (Table 3.7). The cost of FMD, as percentage of income from the 
sale of large ruminants, was extremely high, being 213, 181 and 60% in LPB, XK and 
XYL, respectively.  
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Table 3.6. Survey sites, number of interviewed farmers and their household rice sufficient 
status by province category. 
 
Variable LPB XK XYL p-value 
Surveyed location:     
No. surveyed districts    3     3     3  
  No. surveyed villages   8   12   12  
  Mean no. household in the village (hh) 89 (±69)   92 (±31) 205 (±107)  
  Mean no. household with livestock (hh) 26 (±6)   62 (±31)   89 (±60)  
  Mean no. household with livestock affected (hh) 21 (±6)   58 (±32)   74 (±52)  
  No. interviewed farmers 76 118 116  
  Mean age of interviewed farmer  (yrs) 48.1 (±10.6)    47.0 (±11.2)    50.17 (±11.1)  
  Mean farmer household's size (persons/hh)   5.5 (±1.7)      6.6 (±1.9)      5.9 (±2.0)  
  Mean female in the household (persons/hh)   2.7 (±1.1)      3.4 (±1.4)      2.9 (±1.3)  
Rice cultivation type (%)     
  Paddy 76   75   92 0.004 
  Upland 15   19     6  
  Do not grow rice   9     6     2  
Produce enough rice to meet hh's need (%) 87    73    91 0.001 
 
LPB, Luang Prabang; XK, Xiengkhoung and XYL, Xayabouli ; hh, household; Mean ± standard deviation. 
 
 
 
Table 3.7. Smallholder farmer household income and financial impact of FMD by 
province category 
 
Variable LPB XK XYL p-value 
Annual household income (USD/hh)     
  Cropping   365 (±155)
a
   552 (±138)
b
 1127 (±150)
b
 0.04 
  Small animals   483 (±155)
a
   290 (±136)
b
     74 (±155)
c
 <0.001 
  Large ruminants   527 (±146)
ab
   477 (±133)
a
   638 (±144)
bc
 0.04 
  Others   497 (±162)
a
   847 (±146)
b
   485 (±153)
a
 <0.001 
  Total income 1,873 (±138)
a
 2,168 (±131)
b
 2,325(±136)
c
 <0.001 
Large ruminants in 2012 (head/hh)     
  Mean cattle and buffalo       7.3 (±1.2)
ab
       9.1 (±1.1)
bc
       6.2 (±1.1)
a
 <0.001 
  Mean no. female cattle and buffalo       5.2 (±1.2)
ab
       6.1 (±1.1)
bc
       4.3 (±1.1)
a
 0.03 
  Mean no. cattle       6.6 (±1.2)
ab
       8.9 (±1.1)
bc
       5.8 (±1.1)
a
 0.03 
  Mean no.cow       5.1 (±1.3)
a
       5.7 (±1.1)
a
       4.3 (±1.2)
a
 0.2 
Large ruminants prior to FMD (head/hh)     
  Mean cattle and buffalo        8.4 (±1.1)
ab
       9.5 (±1.1)
bc
       6.5 (±1.1)
a
 0.004 
  Mean infected animals       8.1 (±1.2)
a
       6.0 (±1.1)
b
      2.8 (±1.2)
c
 <0.001 
  Mean animals died from the disease*       0.3 (±0.5)       0.3 (±0.6)      0.2 (±0.5)  
Financial losses due to FMD infection     
  Treatment cost per animals (USD/animal)       8 (±1.5)
a
       4 (±0.3)
b
      3 (±0.7)
b
 <0.001 
  Loss due to treatment and mortalities (USD/hh)   133 (±10.4)
a
     48 (±13.3)
b
    13 (±10.6)
c
 <0.001 
  Production loss due to morbidities (USD/hh)   856 (±231.3)
a
   741 (±97.4)
b
  345 (±190.7)
c
 <0.001 
  Total loss (USD/hh) 1,124 (±252.0)
a
   862 (±105.7)
b
  381 (±207.8)
c
 <0.001 
  Total loss and income from large ruminants (%)   213   181    60  
  Total lose and annual household income (%)     60     40    16  
 
* Due to failure to satisfy the test criteria of normality and constant variances only mean± standard deviation 
presented. Mean ± standard error. Exchange rate at USD 1 = LAK 8,000. Difference letters (a, b and c) 
indicate a significant difference between the observed trait with a p-value of <0.05. 
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Figure 3.3. Total household income, income from sales of large ruminants and estimated 
financial losses from FMD by province category. 
 
3.10.3. Expected sale price of cattle and buffalo prior to and one month after onset of 
FMD 
 
There were significant reductions from the expected sale values pre-FMD at 1 month 
following the onset of FMD of cattle and buffalo, respectively (p < 0.001 and 0.001, 
respectively; Table 3.8). The predicted mean sale price prior to the outbreak of FMD-
infected cattle age cohort < 2 and > 6 years old was USD 190 and USD 306, compared 
with the estimate one month after the outbreak of USD 119 and USD 176, respectively, 
reductions by 37 and 32% of the original expected sale price. The predicted mean price of 
FMD-infected buffalo age cohort < 2 and > 6 years old prior to the FMD outbreak was 
USD 216 and USD 562, compared with a month after the outbreak of USD 153 and USD 
416, respectively. Of the 310 interviewed farmers, 11 admitted that they had sold some of 
their FMD-affected animals to local traders for slaughtering. 
 
3.10.4. Large ruminant smallholder farmer responses to FMD 
 
Farmer responses to FMD were tabulated (Table 3.9), and there were significant 
differences in the proportion of farmers mentioning that they treated FMD-infected 
animals by themselves (p < 0.001). The majority of farmers in XK and XYL mentioned 
their use of traditional medicine such as star-fruit and lime juice, commercial vinegar and 
boiling tree bark (Ptesocarpus Pedatus Pierre) to wash FMD lesions on the mouths and 
feet of FMD-affected animals. Farmers spent around 13 to 19 days to treat their FMD-
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affected animals (10 - 15 minutes per animal per day), claiming that to get the affected 
animals back to their normal condition and original value required around 1.8 to 2.6 
months (p = 0.1). When asked whether they still wished to have their cattle and buffalo 
vaccinated for FMD if they were required to pay part of the vaccine cost, the majority of 
the farmers had positive response to the question with an ability to contribute to the 
vaccine cost of USD 0.8 (±0.50) per dose. 
 
3.10.5. Comparisons of FMD vaccination programs and FMD impact at village and 
large ruminant smallholder farm level 
 
The estimated financial cost of FMD per village was USD 16,516, USD 23,274 and USD 
31,032 if 50, 75 and 100% of large ruminant smallholder farmers in that village had large 
ruminants affected by FMD, respectively (Table 3.10). The comparison between costs of 
FMD vaccination programmes and estimated financial losses due to FMD showed a ratio 
of FMD vaccination to FMD outbreak costs of 1 : 13; 1 : 19 and 1 : 26, respectively. 
 
The FMD vaccine partial budget analysis showed an average net benefit to the large 
ruminant smallholder farmers of USD 22 and USD 33 per cattle and buffalo, respectively, 
based on vaccination for FMD twice yearly (Table 3.11). 
 
  
73 
 
Table 3.8. Predicted mean expecting sale price (USD/head) and % difference of cattle and 
buffalo sale values pre-FMD and one month following the onset of FMD by age cohort 
category. 
 
 Predicted mean sale price (USD/head) 
Pre-FMD One month after 
onset of  FMD 
Difference in 
sale price 
% price 
reduction 
Cattle age cohort  (yrs)     
  < 2 190 (±16)
a
 119 (±14)
b
   71 37 
  2-< 4 264 (±8)
a
 178 (±7)
b
   86 33 
  4 - 6 306 (±7)
a
 209 (±6)
b
   97 32 
  > 6 259 (±21)
a
 176 (±19)
b
   83 32 
Buffalo age cohort (yrs)     
  < 2 216 (±27)
a
 153 (±23)
b
   63 29 
  2-< 4 398 (±15)
a
 285 (±13)
b
 113 28 
  4 - 6 574 (±10)
a
 420 (±9)
b
 154 27 
  > 6 562 (±26)
a
 416 (±22)
b
 146 26 
 
Difference letters (a and b) indicate a significant difference between the observed trait with a p <0.05 
 
Table 3.9. Farmer attitudes and practice responses to FMD by province category 
 
Variable LPB XK XYL p-value 
Recognize FMD clinical signs (%) 79 46 91 <0.001 
Report FMD case (%) 25 58 65 <0.001 
Report to 
  Village chief, village veterinary worker 
  District officer 
 
86 
14 
 
69 
31 
 
92 
  8 
 
0.001 
Days of report after seeing the disease (days)  3 (±1)
a
   3 (±1)
a
   2 (±1)
a
 0.2 
Treat animals infected with FMD by (%) 
  Farmer (self) 
  Others (VVW or district staff) 
 
59 
41 
 
97 
  3 
 
76 
24 
 
<0.001 
Time of treatment (days)* 19 (±9) 14 (±8) 13 (±8)  
Time to recover back to original value 
(months) 
 2.6 (±0.7)
a
   1.8 (±1.1)
a
   2.0 (±0.9)
a
 0.1 
Treatment use (%) 
  Traditional 
  Traditional + antibiotics 
 
  4 
96 
 
97 
  3 
 
76 
28 
 
<0.001 
Separation sick animals for treatment (%) 37 61 71 <0.001 
Their large ruminants were vaccinated for 
FMD in the last six months (%) 
 
47 
 
  3 
 
40 
 
<0.001 
Want their livestock vaccinated for FMD (%) 96 97 94 0.4 
Know where to contact for FMD vaccine (%) 36 22 31 0.01 
 
* Due to failure to satisfy the test criteria of normality and constant variances only mean± standard deviation 
presented. Difference letters (a, b and c) indicate a significant difference between the observed trait with a p 
<0.05 
  
74 
Table 3.10. Comparison of FMD vaccination programs (biannual FMD vaccine) versus 
estimated costs of FMD (USD per village). 
 
Variable 
Cost 
(USD/village) 
Ratio FMD outbreaks cost 
and vaccination cost 
Vaccination cost 
  Vaccines and material cost 
  Staff per diem 
  Total cost per program 
  Total cost per annum 
 
   509  
     86 
   595 
1,190 
 
Estimated cost of FMD outbreak 
  50% livestock farmers affected 
  75% livestock farmers affected 
  100% livestock farmers affected 
 
16,516 
23,274 
31,032 
 
1: 13 
1: 19 
1: 26 
 
 
 
 
 
Table 3.11. Net benefit of biannual FMD vaccine (USD/animal) using partial budget 
analysis by species and age cohort 
 
Age cohort  (yrs) Cattle Buffalo 
  < 2 20 18 
  2 - <4 22 30 
  4 - 6 25 43 
  > 6 21 40 
Mean (USD/animal) 22 33 
 
 
3.11. Discussion 
 
This FMD financial impact study of 310 smallholder farmers from northern Laos had an 
almost 100% response rate for each interview question, achieved by conducting face to 
face interviews using district livestock extension staff experienced in similar survey work. 
Large sample sizes help to reduce random errors (Thrusfield, 2007). The high response rate 
limits non-response bias in the survey, a form of selection bias that needs to be accounted 
for to achieve accuracy and generalization (Dohoo, Martin & Stryhn, 2009; Rothman, 
Greenland & Lash, 2008). As is typical of such work in developing countries, the selection 
process for study sites and interviewees was necessarily based on convenience selection 
criteria and farmer availability, so conclusions should be interpreted with caution. 
 
This financial impact assessment confirms that FMD causes significant losses to 
smallholder farmers in northern Laos, despite being focused only on costs of treatment and 
losses due to mortalities and morbidities. However, if other indirect costs, such as the cost 
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of feed used to replace the weight lost during infection, future production due to disruption 
of herd structure and infertility, plus trade opportunity costs had been included in the 
estimated losses, the financial cost of FMD to large ruminant stallholders is likely to be 
much higher (Rast, Windsor & Khounsy, 2010; Rushton, Pilling & Heffernan, 2002). 
Despite these limitations, this study provides a more detailed insight into the impact of 
FMD on smallholder farmers than previous studies in the region. A case study in northern 
Laos estimated the financial loss associated with an animal contracting FMD at USD 67 
(Rast, Windsor & Khounsy, 2010). In southern Cambodia, a reduction in household 
income of 4 - 11% due to FMD was estimated (Shankar et al., 2012). 
 
Although mortality in adult animals due to FMDv infection is unusual, it does cause long-
term productivity losses to the livestock sector due to weight loss, decreased milk 
production and thus calf growth and may cause substantial losses to farmers due to 
treatment expenses and time spent caring for sick animals (Blacksell et al., 2008; Rushton, 
Pilling & Heffernan, 2002). Costs of treatments can vary depending on the duration of each 
FMD outbreak (Kitching, 2002). The ability of farmers to recognize clinical signs of FMD 
and distinguish it from HS plus the choice of animal treatments was a major contributor to 
the level of smallholder financial losses. This was of particular note in LPB where 96% of 
the interviewed farmers said they had used a combination of traditional medication and 
antibiotics for 2 - 4 days with high costs of treatment ranging from USD 8 - 15 per animal 
per day. This indicates information on the use of appropriate treatments in managing cases 
of FMD of importance. In addition, although the majority of farmers want their livestock 
vaccinated for FMD and are willing to pay some part or all of the vaccination costs, only a 
third of the interviewed farmers acknowledged that they knew where to obtain FMD 
vaccine. These findings confirm that a considerable improvement in provision of 
information on FMD treatment and management is needed, at least in this part of the GMS. 
 
Significant reductions in the expected sale price of large ruminants a month post-infection 
indicates that farmers could potentially lose a major proportion of their income from FMD-
affected stock if they had sold their stock during or soon after the FMD outbreak. Case 
studies in northern Laos and southern Cambodia show a reduction in sale values of 30 - 
92% of pre-FMD values, following FMD infection (Rast, Windsor & Khounsy, 2010; 
Shankar et al., 2012; Young et al., 2013b). However, our study revealed that only 11 of the 
interviewed farmers admitted that they had sold some of their FMD-infected animals. This 
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is likely to under-estimate the true ‘salvage sale’ numbers as farmers are considered very 
reluctant to reveal to the interview team that they engage in a prohibited activity, being the 
sale of infected animals, during FMD outbreaks (Ministry of Agriculture and Forestry, 
2008). In Laos, smallholder farmers generally sell old or sick animals when they need large 
sums of money for special or emergency events (Wilson, 2007; Nampanya et al., 2010). 
Traders are usually able to set a low price, particularly for sick animals knowing that 
farmers are keen to sell their stock to obtain money and cut their losses (Rweyemamu et 
al., 2008a; Rweyemamu et al., 2008b). 
 
This study confirmed that in rice cultivated areas, the type of rice cultivation and number 
of people in the family contribute to farmer food security status, with upland farmers 
utilizing 1.5 - 2.1 ha of land per household (Nampanya et al., 2010, Steering Committee for 
Lao Census of Agriculture, 2012). The majority of the interviewed farmers in XYL 
produced enough rice to meet annual consumption needs of their family through paddy 
field cultivation. This was compared to farmers in LPB where more than a quarter of the 
interviewed farmers were not able to produce enough rice to meet their annual 
consumption needs for their family. Household rice security was found to be associated 
with geographical location, changing livelihoods, education and access to suitable land and 
asset ownership (The Government of Laos & the United Nations, 2009). Livestock and, in 
particular, cattle and buffalo are important in reducing vulnerability of upland farmers to 
food insecurity and emergency events, using their stock for cash reserves and ceremonial 
needs (Wilson, 2007; Millar & Phoutakoun, 2008). A study in southern Ethiopia indicates 
that pastoralist households with more cattle are better able to withstand shocks such as 
drought (Rufael et al., 2008). This may be of relevance in southern Laos and Cambodia 
where incidents of severe flooding have occurred recently and caused widespread crop 
losses (unpublished observations) and is also a consideration in northern Laos where a 
devastating incident of hypothermia affecting large ruminants was recently documented 
(Khounsy et al., 2012). 
 
This study also confirmed that the sale of large ruminants is very important for farmers in 
northern Laos, contributing up to a quarter of household income. This is consistent with 
another study that identified that livestock sales, including large ruminants, provided up to 
50% of rural household cash income (ADB, 2005). Improving cattle and buffalo 
productivity is increasingly recognized as a national priority in reducing reliance on 
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shifting cultivation and addressing rural poverty in northern upland Laos (Khounsy et al., 
2012) where 31% of the population is still living under the poverty line and poverty head 
counts are higher than in the low lands (The Government of Laos & the United Nations, 
2009). Multiple interventions to improve large ruminant health and production are 
currently being promoted, including improving nutritional resources by encouraging forage 
plantations, plus disease risk management including regular vaccination campaigns for 
infectious diseases, implementing parasite treatment and control, and introduction of 
village-level biosecurity (Windsor et al., 2011; Windsor, Soun & Khounsy, 2008). In some 
places where farmers are ready to try a new technology and have available land for forage 
plantation, production systems such as fattening and fallow-fence grazing should be 
promoted as an alternative to the current free-grazing system. 
 
Significant variation in farmer household income in our study reflects the considerable 
differences in socioeconomic development between provinces and regions in Laos and 
across the GMS (Epprecht et al., 2008; The Government of Laos & the United Nations, 
2009). In some upland areas where natural resources are still abundant, farmers generally 
gain more cash income from selling NTFP than from cultivation of crops or livestock. 
However, collecting and selling NTFP are increasingly difficult due to high rates of 
deforestation, with loss of 134,000 ha per annum causing a reduction in forest areas from 
64 to 42% of the total land in Laos between 1960 and 2002, respectively (The Government 
of Laos & the United Nations, 2009). Planting commercial crops (e.g. maize and rubber 
trees) and keeping livestock are increasingly important sources of income for upland 
farmers (Khounsy et al., 2012; Thongmanivong & Fujita, 2006). Commercial maize 
cultivation is more prominent in XYL than in other observed areas as this province shares 
a border with Thailand where there is high demand for maize, explaining the higher 
income from cropping than in other provinces in this study. 
 
The comparison of costs of FMD vaccination programmes versus estimation of financial 
impacts of FMD at the village level, plus estimation of FMD vaccine outcomes by partial 
budgeting, provides overwhelming evidence that the intervention of vaccination prior to 
FMD outbreaks is a very good investment. We estimated a benefit from FMD vaccination 
of USD 20 - 40 depending on species (cattle or buffalo) and animal age cohort. In areas 
where FMD vaccines are available, regular vaccination programmes are recommended for 
every 5 - 6 months (Lubroth, 2002; OIE SEAFMD Regional Coordination Unit, 2011; 
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Windsor et al., 2011). Even with high-potency FMD vaccines with efficacies of 81 - 98%, 
it has been suggested that vaccination should be carried out every 2.5 months as beyond 
this period vaccine efficacy will decline (Hutber, Kitching & Conway, 1998). However, 
such an intensive regimen may not be practical in northern Laos due to limitations of 
vaccine funding, availability of human resources, plus the level of farmer participation and 
access to villages. With support from SEACFMD and other major donors, the DLF has 
recently received several hundred thousand doses of FMD vaccines and strategic mass 
vaccination campaign has been implemented in northern and southern Laos in so-called 
FMD ‘hotspot’ areas (Nampanya et al., 2013b; Nampanya et al., 2013c). Vaccination in 
these areas aims to protect high producing areas and reduce the size of future FMD-
affected areas. This strategy may be more effective at limiting FMD, particularly if 
compared to ring vaccination in the face of an outbreak, as the impact of using or not using 
ring vaccination is unpredictable plus there is a risk that vaccinators themselves may 
potentially carry infection between herds (James & Rushton, 2002). 
 
This study indicates that vaccination for FMD was very cost-effective in the GMS. 
However, strategic vaccination alone is unlikely to lead to sustainable control of FMD in 
the region. Vaccination strategies should be supplemented with other FMD control 
interventions, including improved animal movement control and quarantine, enhanced 
surveillance and reporting, plus public awareness of FMD disease risk as demonstrated in 
the Philippines FMD eradication programme (Windsor et al., 2011). Fit for-purpose 
vaccination approaches have been proposed for different countries and regions, depending 
on the stage of the PCP-FMD (Rodriguez & Grubmann, 2009). In FMD endemic areas 
such as the GMS where infections with multiple serotypes occur, maintaining support from 
farmers and other livestock stakeholders is critical. This requires the use of high-quality 
efficacious multivalent FMD vaccines compatible to differentiating infected from 
vaccinated animals (DIVA) during FMD outbreaks (Rodriguez & Grubmann, 2009). In 
addition, vaccine field efficacy should be assessed regularly, preferably by an independent 
body (Sutmoller et al., 2003). Further, these vaccines are best used in populations most 
susceptible to infection, being those in the vicinity of endemic FMD hotspot areas 
(Nampanya et al., 2013b; Nampanya et al., 2013c). 
 
In the GMS, compliance with animal movement controls has proved to be problematic 
(Kerr, Sieng & Scoizec, 2012). This implies that FMD control is reliant on effective 
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vaccination programmes, although the sustainability of current vaccination efforts is of 
concern. Promotion of widespread village-level biosecurity practices that limit FMDV 
transmission offers a potential strategy to improve regional FMD control in the GMS 
(Windsor et al., 2012). However, engaging smallholder farmers in improved biosecurity 
practices requires intensive efforts to improve knowledge of TAD risk management. 
Recent research has shown that multiple participatory approaches to improve large 
ruminant health and husbandry can stimulate farmer learning in the need for improved 
biosecurity (Nampanya et al., 2011). Interventions introduced in the GMS to achieve this 
include vaccination, parasite management, biosecurity and hygiene, improved nutrition by 
establishing and conserving forages that enable fattening, plus, potentially, reproductive 
management (Nampanya et al., 2013b; Windsor, 2011; Young et al., 2013b). This 
approach has achieved very high participation from livestock owners, with FMD and HS 
vaccination coverage of more than 90% demonstrating very high levels of protection of the 
large ruminant population from infectious TADs (Rast, Windsor & Khounsy, 2010). 
 
Large ruminant livestock production is increasingly important to improving smallholder 
livelihoods in the GMS (Nampanya et al., 2013b; Nampanya et al., 2014b; Young et al., 
2013a). It offers a future where development of many small to medium and large ruminant 
business enterprises and group marketing of beef animals is likely to occur. This trend is 
increasingly reliant on control of TADs to facilitate animal trading and growth of regional 
markets. Enhancing the uptake of regular vaccination programmes and biosecurity 
practices by improving health and husbandry knowledge is considered to be a very 
important strategy to enable smallholder farmers to contribute to regional food security and 
use their developing livestock enterprises to reduce rural poverty in the GMS. 
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3.13. Abstract  
 
To assist policies on Foot and Mouth Disease (FMD) control in Laos and the Mekong 
region, the financial impact of recent outbreaks at village and national levels were 
examined. Village level impacts were derived from recent research on financial losses due 
to FMD per smallholder household and number of households with FMD-affected 
livestock in the village. National level impacts of FMD were determined from examination 
of 2011 - 2013 FMD outbreaks reported to the Lao Department of Livestock and Fisheries 
(DLF), with the 2011 epidemic reported separately due to the large number and size of 
outbreaks of FMD in that year. Estimates of the national financial impact of FMD were 
based on: (i) total FMD financial losses at the village level; and (ii) the costs of FMD 
responses and other related costs at the DLF, provincial and district levels where FMD was 
reported, but excluding the costs of revenue forgone. A Monte Carlo simulation was 
utilised to account for likelihood of FMD over- and under-reporting. FMD were recorded 
in four provinces of Phongsali, Bokeo, Xayabouli and Champasak in three consecutive 
years from 2011 - 2013. However the FMD epidemics in 2011 were more widely 
distributed and involved 414 villages in 14 provinces, with thousands of cases of morbidity 
in cattle and buffalo and some mortalities. The estimated financial losses due to FMD in 
2011 were USD 30,881 (±23,176) at the village level and USD 13,512,291 at the national 
level based on the number of villages with FMD outbreaks reported. However, when the 
likelihood of FMD under-reporting was accounted for, the estimated financial losses at the 
national level could potentially increase to USD 102,094,464 (±52,147,261), being almost 
12% of the estimated farm gate value of the national large ruminant herd. These findings 
confirm that FMD causes substantial financial impacts in villages and to the national 
economy of Laos, providing justification for sustained investments in FMD control 
programs. 
 
Keywords: Developing countries, financial impact, Foot and Mouth Disease, large 
ruminant health, vaccination and disease control 
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3.14. Introduction 
 
Lao People’s Democratic Republic (Lao PDR or Laos) is a land-locked country located in 
the centre of the Greater Mekong Subregion (GMS), with a population in 2011 of 6.3 
million people and a land area of 236,800 km
2
 (FAO, 2012; World Bank, 2013). It is one 
of the smallest and poorest developing countries in the region, with agriculture as one of 
the most important economic sectors, contributing approximately 33% of the total national 
Gross Domestic Product (GDP) and employing around 75% of the workforce in 2010 
(FAO, 2012). Reducing rural poverty and enhancing food security remain a challenge in 
Laos where approximately two thirds of the total population live in rural areas, with 66% 
of total population in 2008 living on or less than USD 2 per day (World Bank, 2013) and 
an estimated one third of the population undernourished (FAO, 2012; UNICEF, 2012).  
 
Among the agriculture sub-sectors, livestock production is increasingly important to the 
Lao economy, particularly in the smallholder farm systems which remain undeveloped. 
Livestock provide up to 50% of smallholder household annual cash income and often serve 
multiple purposes, including wealth storage, the generation of fertiliser and cultural 
festivities (ADB, 2005; Nampanya et al., 2010) and decreasingly, as draught animals. 
More than 94% of livestock products are produced by smallholder farmers (Wilson 2007) 
and 58% and 78% of households with livestock own a herd size of four or less cattle and 
buffalo respectively. Constraints to optimal large ruminant production include limited 
availability of land, feed deficiency and most importantly, endemic diseases including 
Haemorrhagic Septicaemia (HS) and Foot and Mouth Disease (FMD), the latter being the 
most important of transboundary animal diseases (TADs). FMD is of significant economic, 
trade and food security importance for a number of countries in the region, including Laos 
(Otte, Nugent & McLeod, 2004). Outbreaks of FMD have been recorded for many years 
throughout the country with recent epidemics dominated by FMD O serotypes (Khounsy et 
al., 2009; Nampanya et al., 2013c; Perry et al., 2002; Rast, Windsor & Khounsy, 2010).  
 
The Government of Laos (GoL) through the Department of Livestock and Fisheries (DLF) 
is responsible for animal disease management and control programs in the country. With 
vaccines, funds and technical support from several donor agencies, the DLF has 
implemented various FMD control programs in Laos, particularly in the northern region 
where socioeconomic development still lags behind the central and southern regions 
83 
(Epprecht et al., 2008; The Government of Laos & the United Nations, 2009). The aim of 
this work is to achieve FMD freedom in Southeast Asia by 2020 through the Southeast 
Asia and China Foot and Mouth Disease (SEACFMD) programs (OIE SEAFMD Regional 
Coordination Unit, 2011). However, regional control of FMD is a major challenge, 
particularly in Laos as it shares borders with five other FMD-endemic countries and is 
positioned on a major thoroughfare for transboundary animal movements in the GMS from 
Thailand and Myanmar to China and Vietnam (Kerr, Sieng & Scoizec, 2012; Khounsy et 
al., 2008). Gaining support from potential international donors, local governments as well 
as large ruminant smallholder farmers is crucial if FMD control programs are to be 
successful in Laos. This support can be enhanced through improved stakeholder 
understanding of the financial impact of the disease on smallholders and at national and 
potentially regional levels.  
 
Currently, reliable estimates of losses due to FMD in Laos have focused on smallholder 
households (Nampanya et al., 2014a; Nampanya et al., 2013a; Rast, Windsor & Khounsy, 
2010). However, as there is a need to determine the financial impacts of the disease at the 
village and the national levels, this study aimed to determine estimates of these financial 
impacts as well as analyse the potential benefits to costs (BCA) of the FMD vaccination 
program implemented in northern Laos between 2012 and 2016. This information is likely 
to assist the development of strategy and policy recommendations on sustainable FMD 
control in Laos and the GMS. 
 
3.15. Methodology 
 
3.15.1. Review of FMD outbreak records 
 
FMD outbreak records between 2011 and 2013 that were available at the National Animal 
Health Centre of the Department of Livestock and Fisheries (NAHC-DLF) in Vientiane, 
capital city of Laos and the DLF regional office in Luang Prabang (LPB), were examined. 
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3.15.2. Financial impact of FMD at the village level 
 
The FMD financial impact at the village level was determined using the financial losses 
per household and number of households with FMD-affected livestock in the village, 
excluding indirect financial impact of additional costs and revenue forgone (Dijkhuizen & 
Morris, 1997; Rushton, 2009); means, standard deviation, and lower and upper 95% 
confident interval were determined. Data on financial losses per household was derived 
from studies in Laos between 2011 and 2013 involving 434 farmers and 44 villages with 
FMD-affected livestock, including unpublished and recently published findings 
(Nampanya et al., 2014a; Nampanya et al., 2013a). The FMD financial losses per 
household included those due to mortality (100% of pre-FMD sale value), production 
losses due to morbidity (difference between the expected sale price pre-FMD and one 
month following onset of FMD), and costs of treatment with medicines (Nampanya et al., 
2013a; Table 1). To account for variation in the financial impact of FMD, a sensitivity 
analysis was performed to estimate losses if 50, 75 and 100% of households with large 
ruminants in a village had been affected by FMD. 
 
3.15.3. Financial impact of FMD at the national level 
 
Due to the number and size of the FMD in 2011, the estimated financial impact of FMD at 
the national level in this study focused on 2011 data, using the model of total estimated 
financial impact of FMD in 2011 = (i) + (ii), where, 
 
(i) Total financial losses at the village level = the number of villages with FMD outbreaks 
reported in 2011 multiplied by the estimated cost of FMD per village (as described above), 
and 
 
(ii) the financial costs of FMD beyond the village level = the costs of FMD outbreak 
controls including vaccines and vaccination delivery, other related administrative costs at 
the DLF; plus the allocated budget for the veterinary divisions of the provincial and district 
offices where FMD was reported (Bastianesen, Kamakawa & Vara, 2011). However, these 
estimates excluded losses of revenue forgone from trade due to the difficulty in obtaining 
reliable data. 
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Monte Carlo Simulation was utilised to account for the likelihood of over- and under-
reporting of FMD using Microsoft Excel RAND function to generate random numbers and 
different outcomes in the model (Dijkhuizen & Morris, 1997). Total financial losses were 
determined in two scenarios: (i) the over-reporting scenario was determined from numbers 
of villages with FMD-affected livestock reported to NAHC-DLF and the distribution of 
those random numbers of villages with FMD-affected livestock, plus the estimated 
financial loss due to FMD per village; and (ii) the under-reporting scenario was determined 
from the distribution of those random numbers between the number of villages with FMD-
affected livestock reported and the total number of rural villages in the provinces with 
FMD-affected livestock in the 2011 outbreaks (Steering Committee for Lao Census of 
Agriculture, 2012), plus the estimated financial loss due to FMD per village (Table 3.12). 
Multiple simulations (100 runs) were repeated where means, standard deviation, and lower 
and upper 95% confident interval were determined. 
 
  
86 
Table 3.12. Key input values of the financial impact of FMD at the village and national 
levels and FMD vaccination programs in northern Laos. 
 
Input value (Unit) Value Reference 
Financial cost of FMD per household 
(USD/hh) 
   727 Nampanya et al., 2013a; 
Nampanya et al., 2014 
No. households in village (hh)    145 Rast et al., 2010; Nampanya et al., 
2013a; Nampanya et al., 2014 
No. households with livestock (hh)      67 Rast et al., 2010; Nampanya et al., 
2013a; Nampanya et al., 2014 
No. households with FMD-affected 
livestock (hh) 
     50 Rast et al., 2010; Nampanya et al., 
2013a; Nampanya et al., 2014 
No. provinces with FMD recorded in 2011      14 (6 in northern Laos) NAHC-DLF records 
No. villages with FMD recorded in 2011    414 (146 in northern Laos) NAHC-DLF records 
No. villages that may have FMD but failed 
to report  
6,271 (in 14 provinces) Steering Committee for Lao 
Census of Agriculture, 2012 
 2,825 (in 6 northern provinces)  
DLF budget in 2011 (USD/year)  Bastiaensen et al., 2011 and DLF 
records 
National Animal Vaccination 7,125 
Animal disease outbreak 13,607 
Establishment of FMD free zone 7,125 
Cost of administering a single FMD 
vaccination (USD/dose) 
        2.1 Nampanya et al., 2013ab 
Annual incident outbreaks of FMD         0.2 Khounsy et al., 2008; Rast et al., 
2010; Madin, 2011; Nampanya et 
al., 2013a 
 
hh, household; DLF, Department of Livestock and Fisheries; NAHC-DLF, National Animal Health Centre of 
the Department of Livestock and Fisheries. 
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3.15.4. Benefits to Cost Analysis of FMD vaccination campaigns 
 
Between 2012 and 2016, the GoL through the DLF has received approximately 600,000 - 
800,000 doses of FMD vaccine annually from the Stop Transboundary Animal Diseases 
and Zoonoses (STANDZ) program funded from the Australian AID programmes and 
managed through the OIE (The Office International des Epizooties or the World 
Organisation for Animal health) Sub-Regional Representation for Southeast Asia (SRR-
SEA) and the OIE Japan Trust Fund. The donated vaccines have been used in northern Lao 
and administered through the DLF regional office in Luang Prabang.  
 
To support the GoL policy on food security and poverty reduction in smallholder rural 
communities (Government of Laos and the United Nations, 2009; Ministry of Planning and 
Investment, 2011), including potential investment in TAD prevention and control 
programs, the BCA of the FMD vaccination campaign in northern Laos was determined. 
Costs of the FMD vaccination programs were obtained from the actual expenditure for 
2012 - 2013, with costs for 2014 through 2016 based on budgeted allocation in the 
program plan. The benefits of the programs were determined based on the estimate 
financial losses due to FMD in northern Laos (as described), with the FMD outbreaks in 
2011 selected due the extent and severity of the outbreaks (Nampanya et al., 2013a). Net 
present values (NPV) were determined by the difference between the total NPV of benefits 
and costs using a discount rate of 4.3% (Indexmundi, 2013). The benefit - cost ratio (BCR) 
was calculated by dividing the total NPV of benefits and costs (Dijkhuizen & Morris, 
1997; Rushton, 2009). The analyses were based on the following assumptions: (i) FMD 
vaccines provide perfect protection for cattle and buffalo against FMD infection morbidity 
(reduced sale value and weight loss) and mortalities; (ii) cost of administering a single 
vaccination is USD 2.1 per animal (Nampanya et al., 2013a; Nampanya et al., 2013c); (iii) 
no cattle or buffalo were used for draught; (iv) there was no salvage value for deaths of 
cattle and buffalo; (v) the sale price of live cattle and buffalo in northern Laos remains 
stable; (vi) the animals were free-grazing and had an annual daily weight gain of 100 
gram/day (Nampanya et al., 2014b); and (vi) that an FMD outbreak would occur every 5 - 
7 years in the respective village (i.e. incidence of 0.2; Khounsy et al., 2008; Madin, 2011; 
Nampanya et al., 2013a). 
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3.16. Results 
 
3.16.1. Review of FMD outbreak records 
 
FMD records between 2011 and 2013 were tabulated (Table 3.13). The records showed 
that FMD occurred in the four provinces of Phongsali, Bokeo, Xayabouli and Champasak 
in three consecutive years. Also, FMD in 2011 involved very large outbreaks, affecting 14 
of the 17 provinces in Laos with 414 villages reporting cases of morbidity and mortality in 
cattle at 33,018 and 2,747, respectively. The data also confirmed that December and March 
were high-risk periods for occurrence of FMD infection. Laboratory analyses of 25 of 58 
tissue samples from the 2011 outbreaks were positive for FMD serotype O (Myanmar 98 
and Pan Asia topotype) and the rest of the samples were negative for any FMD serotypes. 
 
3.16.2. Financial impact of FMD at the village and national levels 
 
The estimated financial impact of FMD at the village level revealed losses of USD 30,881 
(±23,176; Table 3.14) per village. A sensitivity analysis showed if 50%, 75% and 100% of 
households with livestock in that village had been affected by FMD, the financial impact 
would be USD 19,578 (±12,226), USD 29,367 (±18,339) and USD 39,157 (±24,452), 
respectively.  
 
The national financial impact of FMD was estimated at USD 13,512,291 based on the 
reported number of villages with FMD-affected livestock. However, considering the 
likelihood of under-reporting of FMD, the 2011 FMD outbreaks were estimated to have 
potentially caused USD 102,094,464 (±52,147,261) to the Lao economy (with 95% 
confidence intervals of USD 100,694,001 and USD 103,359,926; Table 3.14). 
 
3.16.3. Benefit to Cost Analysis of the FMD vaccination programs in the northern 
Laos  
 
The estimated NPV of the FMD vaccination program in northern Laos was USD 
36,489,852 (Table 3.15) with a BCR of 5.3, indicating a potential economic benefit of 
USD 5.3 for every dollar invested in the vaccination program. 
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Table 3.13. Summary of FMD recorded in Laos between 2011 and 2013. 
 
Regions and Provinces 
2011 2012 2013 
Outbreaks Villages Outbreaks Villages Outbreaks Villages 
North 29 146 13 27 6 12 
Phongsali   7   25   3   3 1   1 
Luang Namtha     2 11 2   6 
Oudomxay   1     1     
Bokeo   1     1   1   2 1   1 
Luang Prabang   1     2     
Huaphan 11   82     
Xayabouli   8   35   7 11 2   4 
Centre 23   57   2   2 * * 
Vientiane Capital 20   44   2   2   
Xiengkhoung       
Vientiane Province   1     5     
Borikhamxay       
Khammuane   1     7   * * 
Savannakhet   1     1     
South 16 211   1   2 * * 
Saravane   6   37     
Sekong   4     6     
Champasack   4 158   1   2 * * 
Attapeu   2   10     
Total 68 414 16 31 6 12 
 
* In late December 2013 and February 2014, a series of FMD outbreaks were reported in some villages in 
Khammune and Champasak province though details of the outbreaks are not yet available.
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Table 3.14. Estimated financial costs of FMD in 2011 at the village and national levels 
(USD) 
 
Variable Mean (± SD) 
95% Confidence Interval  
Lower CI Upper CI 
No. households in village               145 (±91)              118             172 
No. households with livestock                 67 (±54)                50               82 
No. households with FMD-affected livestock                 50 (±42)                38               62 
Financial cost of FMD per households               728 (±312)             636              820 
Financial cost of FMD at village level (USD)           30,881 (±23,176)         24,030         37,733 
Financial cost of FMD at national level (USD)    
  A: Total FMD financial cost at village level   12,784,734   
  B: Indirect of additional losses         727,557   
  Total   13,512, 291   
Financial cost of FMD at national level in under- 
reporting of FMD scenario (USD) 
 
102,094,464 (±52,147,261) 
 
100,694,001 
 
103,359,926 
Financial cost of FMD at national level in over- 
reporting of FMD scenario (USD) 
 
6,353,494 (±3,830,563) 
 
    6,252,859 
 
     6,545,129 
 
 
 
 
Table 3.15. Estimation of NPV and BCR of the FMD vaccination campaign in northern 
Laos between 2012 and 2016. 
 
Years  2012 2013 2014 2015 2016 Total 
Costs   146,498 1,475,670 1,848,131 1,739,553 1,656,717 1,577,826   8,444,395 
Benefits               0 9,670,776 9,210,263 9,027,149 8,679,951 8,346,107 44,934,247 
NPV -146,498 8,195,106 7,362,133 7,287,596 7,023,234 6,768,281 36,489,852 
BCR              0                6.5                4.9                5.2                5.2                5.3                  5.3 
 
  
91 
3.17. Discussion 
 
This study estimated the national losses due to FMD during the recent 2011 epidemic in 
Laos as approximately USD 13.5 million, with a range of outcomes in the vicinity of USD 
103.4 million and USD 6.4 million if scenarios of under- and over-reporting of FMD are 
considered. However, field observations indicate that over-reporting is very unlikely to 
have occurred. Further, as the selection process for sites and interviewees in the reference 
studies were necessarily based on convenience selection and farmer availability, caution is 
advised in interpretation of these findings. 
 
The financial impact of FMD varies considerably between regions and countries, and 
depends on a range of variables including the production system in which the disease 
occurs, the size and the degree of re-infection risks, the capacity of local authorities to 
response to FMD during outbreaks (Kitching, 2002; Knight-Jones & Rushton, 2013; 
Randolph et al., 2002) and importantly, the extent of the negative impacts on trade. 
Reported annual impacts of FMD in terms of visible production losses range from USD 
35.0 million in Turkey to USD 2.3 billion in China, with the total financial losses in 
endemic regions worldwide estimated between USD 6.5 and USD 21.0 billion (Knight-
Jones & Rushton, 2013). It is well known that the loss of trading opportunities due to trade 
restrictions on local and lucrative international markets that arise from TADs such as FMD 
may be much higher than the actual loss of livestock production, particularly in FMD-free 
countries (Perry et al., 2002; Rushton, 2009). 
 
At the village level, the study found that FMD caused substantial financial impacts that 
were dependent on morbidity and mortality rates, numbers of FMD-affected households, 
and costs of the animal treatment regimes adopted (Kitching, 2002; Nampnaya et al., 
2014). In addition to the huge economic impacts of FMD on some affected communities, 
social impacts including mental health issues, changes in gender roles, and reduced family 
welfare due to lost income and assets may accrue. The severity of socioeconomic impacts 
may be influenced not only by the size and duration of the outbreaks, but also the 
vulnerability of the community (Buetre et al., 2013). Our studies identified that villages 
with a higher proportion of 'medium' and 'well-off' households were likely to recover more 
quickly from the negative impacts of an FMD outbreak than a 'poor' village, such as 
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remote villages that are more reliant on incomes from the sale of large ruminants 
(Nampanya et al., 2014a). Poor households often earn a larger share of income from 
livestock sales than well-off households, with the value of livestock assets being crucial for 
their household resilience and food stability as they can be readily sold when cash is 
required (FAO, 2011b; Nampanya et al., 2014a; Quisumbing et al., 1995). 
 
In many developing countries where animal health communication depends on passive 
surveillance information from low capacity animal health services, accurate disease 
prevalence estimates are unlikely to be achieved (Khounsy & Conlan, 2008; Limon et al., 
2013; Vergne et al., 2012). Further, lack of institutional credibility and the conflicting 
priorities of the official veterinary service and smallholder farmers, have been identified as 
barriers to prompt disease reporting (Limon et al., 2013). Our study used a simple Monte 
Carlo simulation with probability distribution to account for the likelihood of FMD under-
reporting. Alternatively, a capture-recapture analysis for estimating the true number of 
villages that experienced FMD was used in the southeast province of Svay Rieng 
Cambodia and indicated that 46% of the total number villages in the province had 
experienced FMD (Vergne et al., 2012) could have been attempted. These approaches 
involve participatory epidemiology and have been promoted in developing countries as 
they use a combination of practitioner communication skills and participatory methods to 
improve involvement of smallholder livestock keepers, assisting both the analyses of 
animal disease problems and evaluation of disease control programs (Catley, Alders & 
Wood, 2012; Toribio & Rushton, 2012). Improving participatory epidemiological capacity 
in Laos may enhance both the quality and quantity of disease surveillance and reporting, 
contributing to improved quality of future economic impact assessments of important 
TADs such as FMD. 
 
Since disease reporting and communications in Laos are generally 'passive', relying on 
awareness of its importance by local villagers and authorities (Khounsy & Conlan, 2008), 
it is considered very likely that the numbers of villages with FMD-affected livestock 
notified to the DLF in 2011 through 2013, was under-reported. Thus an estimated financial 
impact of FMD in the 2011 outbreaks based on the number of village with FMD-affected 
livestock reported to authorities, is considered a gross underestimation of the true disease 
incidence. Further, despite accounting for the likelihood of FMD under-reporting 
(Khounsy & Conlan, 2008; Madin, 2011), the national level estimate of the financial 
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impact of the 2011 epidemic of approximately USD 102 million, is also considered likely 
to under-estimate the true cost of FMD as it excludes the indirect additional costs and 
revenue forgone (Knight-Jones & Rushton, 2013; Rushton, 2009). Had other costs been 
included, such as lost trading opportunities and compromised future production due to 
changes in herd structure caused by infertility, the negative financial impact of FMD on the 
Lao economy would very likely be greater (Perry et al., 2002; Rushton, 2009). 
Nevertheless, considering the 2011 farm gate values of the national large ruminant herd of 
just under USD 850 million (Young et al., 2014) and the estimated annual export of large 
ruminants of about 100,000 head (Ministry of Planning and Investment, 2011), these 
estimated losses from FMD in 2011 were approximately 12% of the estimate farm gate 
value of the national large ruminant herd and indicated that the disease is of significant 
economic importance at both village and national levels in Laos.  
 
The results of this study emphasise the importance of considering the economic impact of 
animal diseases such as FMD in TAD control programs. However, it also implies that a 
more in-depth economic impact analysis that includes determination of indirect costs of the 
disease from revenue forgone, plus larger analyses that includes the outcomes of managing 
multiple diseases, are desirable. Determining the impact of TADs on national economies 
could be assisted by the use of social accounting matrix and computer general equilibrium 
methodologies. Complex simulation modelling could also be used to predict potential 
outcomes in future FMD outbreak events and assist with risk analysis. Of importance, 
efforts that achieve improved quality and management of disease reporting data from the 
district, provincial and national level, will result in improved quality of economic impact 
assessments of important diseases including FMD. 
 
The BCA analysis shows that the current FMD vaccination program is cost effective and 
that every dollar invested potentially achieves USD 5.3 in benefits. The partial budget 
analysis at the smallholder farmer level indicated net benefits of biannual FMD vaccination 
program of USD 22 and USD 33 for cattle and buffalo, respectively (Nampanya et al., 
2013a). At the regional level, the annual benefits of the FMD control program in Southeast 
Asia was estimated to exceed USD 70 million per year, with a benefit cost ratio of 3:1; 
considered to outweigh the costs of achieving FMD freedom by vaccination by 2020 
(McLeod, 2010).  
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To achieve more effective TAD control, vaccination strategies should be supplemented 
with other disease control interventions, including improved animal movement control and 
quarantine, enhanced surveillance and reporting, plus public awareness campaigns that 
address FMD transmission risks (Windsor et al., 2011). Multiple interventions that 
improve large ruminant health and production and motivate interest in improved 
biosecurity (Nampanya et al., 2014a; Nampanya et al., 2014b), in addition to the 
identification of FMD hotspots and the determination of the optimal number of vaccination 
rounds per year for smallholders, are highly recommended (Nampanya et al., 2013a; 
Windsor et al., 2011). This strategy may be more cost effective in controlling FMD, 
particularly when compared to ring vaccination in the face of an outbreak, as the impact of 
using or not using ring vaccination is unpredictable. There is also a risk that vaccinators 
may transmit infection between herds (James & Rushton, 2002). Further, regular active 
surveillance such as 'negative FMD reporting', immediate reporting of suspected new cases 
of FMD with development an emergency response capacity to more effectively manage 
and limit outbreaks, regular laboratory confirmation of isolates for vaccine matching, plus 
provision of funding and human resources, are critical in achieving the best FMD control 
strategies (Nampanya et al., 2013a; Randolph et al., 2002; Windsor et al., 2011). In FMD 
endemic areas such as northern Laos, obtaining the trust of all stakeholders is critical for 
the support of vaccination programs. Using high quality, efficacious FMD vaccines that are 
multivalent and compatible if necessary, plus regular examination of the field efficacy of 
the vaccine, usually by serological methods that differentiate infected from vaccinated 
animals (DIVA) during FMD outbreaks (Rodriguez & Grubmann, 2009; Sutmoller et al., 
2003), is desirable. 
 
When considering the costs of FMD control programs, the two economic concepts of 
public good and externality have emerged (Otte, Nugent & McLeod, 2004). These 
recognise that the outcomes of FMD control programs will provide benefits to a large 
group of people (potentially everyone) who may not choose to incur the costs of the 
benefits achieved (Rushton, 2009). Further, the movement of live animals and animal 
products across boundaries may impose negative externalities such as the risk of FMD 
upon recipient and thoroughfare countries, which the country of origin and recipient as 
well as regional and international organisation have some obligation to prevent or 
minimise (Otte, Nugent & McLeod, 2004). As Laos is a thoroughfare for animal 
movement in the region (Kerr, Sieng & Scoizec, 2012), there is justification for the FMD 
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control needs of Laos to attract international public investment and collaboration. Assisting 
FMD control in Laos involves improving public veterinary and livestock extension 
capacities and should preferably include private investment. International donor support 
that enhances large ruminant smallholder productivity and incomes via multiple 
interventions, plus assists development of village-level biosecurity programs to reduce the 
risk of FMD and other TADs and support the policies of the GoL on poverty alleviation 
and improved food security in the region, is advised. 
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4.1. Abstract 
 
Applied participatory research on large ruminant health and production was conducted in 
six villages in northern Laos. Three villages were classified as ‘high intervention’ (HI) and 
the remaining three as ‘low intervention’ (LI) sites, with a suite of health and productivity 
interventions implemented in the HI sites enabling comparison of outcomes with the LI 
sites, where only a vaccination program was introduced. A three year longitudinal study to 
establish baseline production variables including live weight, average daily weight gain 
(ADG) and reproductive performance, was conducted. The study involved 1,500 head of 
cattle and buffalo that were ear-tagged and weighed every 3 - 4 months between 2008 and 
2011, producing ten data collection points. Significant differences in ADG of the cattle 
between the provinces (p < 0.001) but not between HI and LI villages (p = 0.39) was 
observed. Low calving rates (51 - 75% and 41 - 52%) and inter-calving intervals (13.6 -
15.7 and 18.6 - 20.6 months) for cattle and buffalo respectively were observed. An on-farm 
large ruminant fattening trial (n = 44) was conducted over a 4 month period to examine 
differences in productivity between cut-and-carry stall fattening (n = 26) and free-grazing 
(n = 18) systems. Cattle and buffalo in fattening stalls (320 and 217 g/d) had significantly 
greater ADG than those free-grazing (40 and 85 g/d) (p < 0.001 and p = 0.001). The 
increase in sale value for fattened cattle and buffalo was USD 78 and USD 123 
respectively. The longitudinal study indicates that if risks of important diseases such as 
Foot and Mouth Disease and Haemorrhagic septicaemia are controlled by vaccination and 
biosecurity, improved productivity outcomes in northern Laos can be achieved by 
establishing forage plantations to better manage variations in seasonal availability of feed 
and enable fattening. We conclude that improving large ruminant productivity by 
improving health and nutrition practices offers opportunities for smallholder farmers to 
increase livestock income, alleviate rural poverty and improve regional food security in 
Southeast Asia. 
 
Keywords: ADG; Bos indicus, Bubalus bubalis; cattle and buffalo weight; large ruminant 
health and production 
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4.2. Introduction 
 
Future food security and poverty reduction remain complex challenges, particularly with 
the susceptibility of the food supply system to threats from global financial shocks, impacts 
of climate change and risks of transboundary and emerging animal diseases (Windsor, 
2011). Smallholder livestock farmers are important in addressing the food security 
challenge as they represent around 20% of the world population and farm most of the 
agricultural land in the tropics (McDermott et al., 2010). In the northern upland areas of the 
Lao People’s Democratic Republic (Lao PDR or Laos), large ruminant production is one of 
the most important livelihood activities for farmers, using their stock for cash reserves, 
ceremonial needs as well as provision of manure for fertiliser (Wilson, 2007). Cattle and 
buffalo production is increasingly recognised as a national priority, both addressing rural 
poverty and reducing reliance on shifting cultivation in northern Laos (Khounsy et al., 
2012). However this livestock sector remains under-developed and requires enhanced 
understanding of how to manage the many health and husbandry constraints that 
compromise smallholder livestock productivity (Windsor, Soun & Khounsy, 2008).  
 
Currently, cattle and buffalo farmers in northern Laos are best considered as livestock 
keepers rather than producers; generally owning about 5 - 10 indigenous ‘yellow’ cattle 
(Bos indicus) and buffalo (Bubalus bubalis) (Nampanya et al., 2010; Wilson, 2007). The 
majority of smallholder farmers manage their stock according to the rice cultivation 
calendar, with free-grazing in a mixed crop-livestock system (McDermott et al., 2010). 
Based on levels of inputs and grazing management practices, three sub-systems can be 
described. Firstly, an all year round free-grazing system where cattle and buffalo are free-
grazed in the forest and on communal land throughout the year, with limited inputs such as 
over-night shelter or provision of salts not usually provided. This system is predominant in 
Huaphan (HP) province and other parts of northern Laos where land allocation had not 
been completed (Thongmanivong & Fujita, 2006). Secondly, a seasonal free-grazing 
system where livestock are free-foraging in the dry season (December-May) and kept in 
restricted areas in the rice-maize cultivated wet season, with limited inputs including over-
night shelter and salt provided. The practice of seasonal free-grazing can be seen in some 
parts of Luang Prabang (LPB) and other northern provinces where land allocation had been 
completed. Thirdly, a seasonal day-time free-grazing and opportunistic fattening system, 
with stock kept on communal land or on forage plantation areas during the day and brought 
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home for housing in the evening. This practice can be seen in some villages of LPB and 
Xiengkhoung (XK) province where improved husbandry practices (eg cattle house, pits for 
faeces) and establishment and expansion of forages and opportunistic fattening may also 
occur. Differences in livestock husbandry practices across northern Laos reflect these 
differing systems of crop-livestock management, with livestock performance depending on 
availability of land resources, seasonal feed and farmer knowledge of large ruminant health 
and production practices (McDermott et al., 2010; Nampanya et al., 2010). 
 
The research project ‘Best Practice Health and Husbandry of Cattle and Buffalo in Lao 
PDR’ is a collaboration between the Lao and Australian governments, delivered through 
the Lao Department of Livestock and Fisheries (DLF) and the University of Sydney (UoS), 
with funding provided by the Australian Centre for International Agricultural Research 
(ACIAR AH 2006/159). This 4-year project commenced in 2008 and has been important in 
providing research for development of large ruminant production in northern Laos. The 
project worked in six villages in three provinces of HP, LPB and XK where a three-year 
longitudinal survey was conducted. The aim was to establish baseline production 
parameters including live weight (kg), average daily weight gain (ADG; grams per day, 
g/d) and reproductive performance, plus identify any production differences between the 
observed villages and provinces. An on-farm fattening trial was also conducted to examine 
productivity of local large ruminants under free grazing versus a cut-and-carry stall 
fattening system. This paper presents results of this applied participatory research and 
provides recommendations to improve large ruminant production in northern Laos. 
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4.3. Materials and Methods 
 
4.3.1. Study period and areas 
 
The three-year longitudinal survey was conducted between December 2008 and November 
2011 in six villages (n = 6) in three northern provinces of HP, LBP and XK (two villages 
per province). Three of the six villages were classified as 'high intervention villages’ (HI) 
where a suite of project interventions were gradually implemented to increase large 
ruminant productivity. The HI package included animal health (vaccination, parasite 
management and biosecurity), nutrition (forage establishment and fattening) and 
introduction of reproductive management (husbandry and introduction of castration) and 
marketing analysis. The remaining three villages were designated as 'low intervention 
villages' (LI) or control villages where only vaccination was conducted. The six villages 
were selected through consultation between relevant local and national agencies and the 
UoS research team, using criteria that there was: (1) a high level of cooperation of farmers, 
local authority, district and provincial staff; (2) interest in adoption of technologies to 
improve husbandry and health; (3) evidence of interest in adoption of forage feeding 
systems; (4) evidence of interest in intensification of cattle production such as stall 
feeding; (5) at least 200 cattle in each village; (6) year round access and (7) distance 
between villages of at least 10 km (Windsor, Soun & Khounsy, 2008). Further, the on-farm 
fattening trial was conducted for four months between September and December 2012, in 
the HI villages in LPB and XK. 
 
4.3.2. Farmer selection 
 
Farmers were selected through consultation between the project staff, village chief and the 
farmer community, based on the criteria that they owned at least one head of cattle and or 
buffalo and displayed a high level of receptivity to possible introduction of new 
technologies. Availability of a potential forage plantation area of at least 1000 m
2
 per 
fattening animal and farmer’s willingness to share experience with other farmers were 
included in the selection criteria for the fattening trial. 
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4.3.3. Animal selection 
 
For the longitudinal survey, 1,500 large ruminants (250 per village) from the six villages 
were selected and ear-tagged. The majority of farmers owning large ruminants in the six 
villages participated in the study with 232 of 293 households having cattle or buffalo 
enrolled. 
 
For the fattening trial, 18 cattle and 26 buffalo (n = 44) were selected, based on their 
similarity of age, weight and body condition score for each species. The selected animals 
were then divided into treatment and control groups either housed in fattening stalls or 
free-grazed according to the usual practice of northern Laos. The fattening group (n = 26) 
involved 12 cattle and 14 buffalo and the remaining animals (n = 18) consisting of 6 cattle 
and 12 buffalo were free-grazed. The trial involved 12 farmers in the HI village in LPB 
and XK with each participating farmer having more than one animal in the study. 
 
4.3.4. Feeding and husbandry practice 
 
In 2009, the project attempted to introduce forage crop technology to all the HI sites with 
information and training on establishing forage plots and provision of four forage species 
seeds of Panicum maximum (Guinea Simuang), Brachicaria ruziziensis (Ruzi), Brachiaria 
spp. hybrid (Mulato) and Stylosanthes guianensis (Stylo 184). These species were chosen 
for cultivation as they are known to be well adapted to the climate of upland Laos and have 
superior nutritional quality to native grasses for large ruminants. The location, number of 
farmers, and plot size of forage development was recorded. In 2010, bag silage technology 
was introduced to all the HI sites. Farmers were advised by district extension staff to cut 
and chop young grass in 4 - 6 cm lengths and preserve it in 18 - 25 kg plastic bags, 
retaining it for feeding their stock in the dry season. 
 
For the longitudinal survey, the majority of the observed animals were free-grazed on 
community grasslands and forests. When farmers grew forage crops, their livestock were 
free-grazed in the available forage areas. Each study animal was vaccinated against 
Haemorrhagic Septicaemia (HS) every 6 months from the commencement of the project 
(December 2008) and against Foot and Mouth Disease (FMD) every 6 months from early 
2010. 
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For the fattening trial, chopped leafy forage grasses (90% of the diet) and Stylo 184 (10% 
of the diet) were given to the fattening group. Feed quantity was based on fresh weight and 
provided according to the weight of the animal, being 12 - 15% of body weight. Animals 
were fed twice daily (half in morning and half in the afternoon) with water and mineral 
blocks permanently available. All trial animals were vaccinated for HS and FMD prior to 
the trial beginning. 
 
4.3.5. Data collection 
 
For the longitudinal study, the weight of each study animal was recorded every 3 - 4 
months using portable electronic scales (Tru-Test EC2000) by district livestock extension 
staff working together with the participating farmers. Data including age, sex, body 
condition score (BSC: on a scale of 1 - 3: 1 for skinny, 2 for medium, 3 for fat) and coat 
condition (normal and abnormal) were recorded. Between 2008 and 2011, 10 data 
collections were obtained although not all of the enrolled animals could be measured at 
each collection as some were culled, sold, died or were impossible to restrain. In the initial 
stages of the project, animals that left the project due to sale or death were replaced. It was 
calculated that the annual mean loss of animals from the project sites was approximately 
11%.  
 
Reproductive data was also collected from the 2 LI and 2 HI villages in LPB and XK 
between 2009 and 2011, with calving records of the ear-tagged female cattle and buffalo 
collated at the end of the three-year study period. 
 
For the fattening trial, age, body condition score (BCS on a scale of 1 - 5) and weight of 
each observed animal were measured using portable electronic scales (as mentioned above) 
at the commencement (after a week of a transitional period) and at the completion of the 
trial by district extension staff and participating farmers. The current value of each selected 
animal was determined in consultation between the village chief, owners, and livestock 
extension staff, based on the sale price expected if the animal was sold that day. The 
district livestock extension staff and farmers collectively monitored the progress of the trial 
and farmer meetings were held monthly to discuss progress. This provided opportunities 
for the participating farmers, extension staff as well as other interested farmers to learn and 
share their knowledge as part of village group learning activities. 
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4.3.6. Data management and analysis 
 
The longitudinal survey data was transcribed into a customised database (Microsoft Access 
2003). The datasets were checked for errors and anomalies which were excluded from the 
datasets prior to data analysis. Due to inconsistency of the subjective measurement of BSC 
and coat condition, only quantitative traits of live weight and ADG were analysed, with 
cattle and buffalo groups determined separately. ADG was calculated based on the 
differences of the current and previous weight measures divided by the number of days 
between the measurements. This provided 9 sets of ADG from the 10 data collections. A 
descriptive analysis was conducted and a restricted maximum livelihood (REML) in 
Genstat 14
th
 edition statistical program (VSN International) was utilised. Province, village 
category (HI and LI), data collections 1 - 10, age and sex were defined as fixed variables in 
the model whereas animal identification and the numbers of days between the consecutive 
measurements were random variables. Linearity, homoscedasticity and normality 
assumptions were checked by diagnostic plots of standardised residuals of the quantitative 
traits on model checking options of REML. Comparisons between the observed provinces 
and villages were made with a p-value of < 0.05 indicating significant differences. Post-
hoc testing was conducted by comparing the prediction means of the interest group with 
5% least significance difference.  
 
The calving rate was determined as the percentage of females that calved out of the total 
number of females assumed to be exposed to breeding (in this survey we considered all the 
observed female animals as potential breeders as they were more than three years old and 
were continuously exposed to bulls in the free-grazing system). As it was impossible to 
estimate inter-calving interval for a cow that did not have 2 calves, the inter-calving 
interval of actively reproductive cows was calculated on consideration of the months 
between successive calving periods where a cow gave birth to two or more calves during 
the three year study period. Hence the result data should be interpreted with caution and 
the true inter-calving intervals are likely to be much longer. 
 
For the on-farm fattening trial, weight, ADG and sale price of the trial animals between the 
observed groups were determined. Cost margin (USD per animal) was calculated based on 
the difference between the sale value of the animal at the trial completion and variable 
104 
costs (costs of vaccines, medication, forage seeds, mineral blocks and miscellaneous 
items), plus the initial value at the trial commencement as a buying price. 
 
4.4. Results 
 
4.4.1. Implementation of forage plantations  
 
The uptake of forage plantations varied considerably between the observed provinces with 
most interest in LPB where the success of forages in the HI village was apparently 
communicated to the LI village with some farmers establishing their own plantations 
(Table 4.1). Forage crops were also established in the HI village in XK but no forage crops 
were established in the LI village in XK and the only forages occurring in HP were in 
project demonstration sites.  
 
There were 11 and 35 farmers in the project HI sites in LPB and XK respectively who 
participated in producing 772 bags of silage in 2010 (18 - 25 kg/bag) as preserved feed for 
their stock during the dry season. This was the first time for these farmers to trial this 
technology. Although the quality of the silage was not of a high standard due to lack of 
effective vermin control during storage, their interest and participation was high and 
continues.  
 
4.4.2. Longitudinal survey 
 
4.4.2.1. Descriptive analysis of the longitudinal survey 
 
Mean age, weight and number of observed cattle and buffalo were tabulated (Table 4.2). 
The mean weight of cattle in HI and LI sites was 153 - 227 kg and 146 - 215 kg in the data 
collections 1 to 10, respectively, with overall mean ADG of 70 and 73 g/d in HI and LI, 
respectively. The weight of the buffalo in HI and LI was 285 - 380 kg and 304 - 349 kg in 
the data collection 1 to 10, respectively, with overall mean ADG of 86 and 96 g/d in HI 
and LI, respectively.  
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Table 4.1. Summary of number of total households, households with large ruminants and 
forage plots and total areas of forage plantation by province and village category, dated in 
December 2011. 
 
Variable 
Province Village category 
HP LPB XK LI HI 
No. Total household  122 108 63 101 192 
No. Household owned large ruminants 85 84 63 85 147 
No. Participated household 3* 36 35 18 56 
Total forage areas (ha) 2.0 23.7 9.6 8.2 27.1 
 
HP, Huaphan, LPB, Luang Prabang and XK, Xiengkhoung. LI, low-intervention village; HI, high-
intervention village. * these three farmers reside in HI site. 
 
Table 4.2. Summary of descriptive analysis of the large ruminant longitudinal survey 2008 
- 2011 by village category. 
 
Sampling time Variables 
Cattle Buffalo 
LI HI LI HI 
Collection 1 
Dec 2008 
No. animals observed 597 400 138 347 
Mean age (yrs)     3.4(±4.9)     3.2(±1.9)     4.2(±2.7)      4.0(±2.9) 
Mean weight (kg) 146(±70.2) 153(±70.3) 304(±113.4) 285(±114.5) 
Collection 2 
Mar 2009 
No. animals observed 624 416  137 366 
Mean age (yrs)     3.5(±4.7)     3.6(±1.9)      4.6(±2.7)     4.3(±2.9) 
Mean weight (kg) 149(±63.6) 151(±63.9) 301(±110.5) 290(±105.9) 
Mean ADG (g/d)   71(±190)    -9(±253)  -21(±163)   23(±290) 
Collection 3 
Jun 2009 
No. animals observed 606 407 136 358 
Mean age (yrs)     3.8(±4.7)     3.6(±1.9)     4.7(±2.7)     4.6(±2.9) 
Mean weight (kg) 170(±63.4) 174(±64.2) 323(±117.0) 320(±101.2) 
Mean ADG (g/d) 208(±186) 212(±154) 282(±249) 223(±206) 
Collection 4 
Oct 2009 
No. animals observed 602 408 129 344 
Mean age (yrs)     3.9(±4.7)     3.8(±1.9)     5.0(±2.8)     4.9(±2.9) 
Mean weight (kg) 180(±59.7) 183(±63.0) 335(±111.0) 332(±97.9) 
Mean ADG (g/d) 122(±200) 102(±185) 147(±287) 123(±245) 
Collection 5 
Jan 2010 
No. animals observed 591 405 133 330 
Mean age (yrs)      4.3(±4.8)      4.0(±1.8)     5.2(±2.7)     5.2(±2.9) 
Mean weight (kg) 175(±55.4) 183(±60.3) 327(±98.8) 329(±91.5) 
Mean ADG (g/d)  -40(±187)     9(±18)  -67(±249)     2(±263) 
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Collection 6 
May 2010 
No. animals observed 584 395 139 329 
Mean age (yrs)     4.5(±4.8)     4.3(±1.9)     5.2(±2.8)     5.5(±2.9) 
Mean weight (kg) 186(±56.7) 186(±57.6) 333(±102.2) 343(±85.6) 
Mean ADG (g/d) 117(±227) 41(±195) 176(±207) 129(±285) 
Collection 7 
Sep 2010 
No. animals observed 562 394 141 314 
Mean age (yrs)     4.9(±4.8)     4.7(±1.8)     5.4(±2.9)     5.8(±2.8) 
Mean weight (kg) 196(±56.7) 205(±57.2) 340(±97.2) 357(±80.8) 
Mean ADG (g/d)   77(±154) 142(±128) 139(±195) 133(±209) 
Collection 8 
Feb 2011 
No. animals observed 505 359 121 248 
Mean age (yrs)      5.1(±2.4)     5.1(±1.8)     5.7(±3.0)     6.1(±2.9) 
Mean weight (kg) 197(±54.6) 201(±58.0) 327(±81.2) 355(±72.8) 
Mean ADG (g/d)      0(±148)     -1(±157) -48(±222)   20(±222) 
Collection 9 
July 2011 
No. animals observed 425 317   89 177 
Mean age (yrs)      5.4(±5.3)     5.3(±1.9)     6.2(±2.9)     6.2(±2.6) 
Mean weight (kg) 206(±52.4) 216(±59.0) 355(±72.7) 368(±70.1) 
Mean ADG (g/d)   61(±138)   88(±148) 107(±193)   76(±24) 
Collection 10 
July 2011 
No. animals observed 367 269   71 145 
Mean age (yrs)     5.8(±5.7)     5.6(±1.8)     6.2(±2.9)     6.5(±2.6) 
Mean weight (kg) 215(±53.5) 227(±59.4) 349(±79.3) 380(±72.8) 
Mean ADG (g/d)   44(±121)   53(±125)   54(±211)   53(±242) 
 
HP, Huaphan, LPB, Luang Prabang and XK, Xiengkhoung. LI, low-intervention village; HI, high-
intervention village Mean ± standard deviations 
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4.4.2.2. Statistical analysis of the longitudinal survey 
 
A. Cattle group 
 
There were significant differences in cattle predicted mean weight between provinces (p 
<0.001) and village category (p <0.001), with cattle in LPB and in HI significantly heavier 
than other groups, respectively (Table 4.3). The predicted mean weight in LPB was 187 kg 
(±1.7) and 214 kg (±2.0) in data collection 1 and 10, respectively, with overall mean 
weight of 203 kg (±0.7). The mean weight in HI was 169 kg (±1.7) and 197 kg (±2.2) in 
data collections 1 and 10, respectively, with overall weight of 186 kg (±1.9). A seasonal 
reduction in weight was observed in all provinces and villages between collections 1 - 2, 4 
- 5 and 7 - 8 (Figure 4.1 - 4.2). 
 
There was a significant difference in cattle predicted mean ADG between the provinces 
(p<0.001) but not between HI and LI village category (p = 0.39). The cattle mean ADG of 
84 g/d (±2.6) in LPB was significantly higher than in other observed provinces (Table 4.3). 
The mean ADG in the LI and HI sites was 69 g/d (±2.5) and
 
66 g/d (±3.3), respectively.  
 
B. Buffalo group 
 
There was significant variation in buffalo predicted mean weight between the provinces 
(p<0.01) but not between the village category (p = 0.56). The buffalo overall predicted 
mean weight in LPB was significantly heavier than other provinces of 358 kg (±3.1) (Table 
4.3). Reduction in predicted mean weight was observed between collections 1 - 2, 4 - 5 and 
7 - 8 between villages and across the provinces (Figure 4.3). 
 
There was no significant difference in buffalo predicted mean ADG between the provinces 
(p = 0.05) and the villages (p = 0.79). The overall predicted mean ADG in LPB and HI 
sites was 106 g/d (±10.7) and 94 g/d (±5.3), respectively (Table 4.3). 
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Table 4.3. Overall predicted mean weight (kg) and ADG (g/d) of the observed cattle and 
buffalo by provinces and village category. 
 
Species/ 
Variables 
Province Village category 
HP LPB XK LI HI 
Cattle      
Weight 182(±1.4)
a
 204(±0.7)
b
 161(±0.9)
c
 178(±0.7)
a
 186(±1.9)
b
 
ADG   63(±5)
a
   84(±3)
b
   55(±3)
a
   69(±2)
a
   66(±3)
a
 
Buffalo      
Weight 325(±1.8)
a
 358(±3.1)
b
 327(±2.0)
a
 337(±2.4)
a
 336(±1.5)
a
 
ADG   95(±7)
a
 106(±11)
b
   92 (±7)
a
 102(±8)
a
   94(±5)
a
 
 
HP, Huaphan, LPB, Luang Prabang and XK, Xiengkhoung. LI, low-intervention village; HI, high-
intervention village Predicted mean ± standard errors. Difference letters (a, b and c) indicate a significant 
difference between the means within the province and village categories. 
 
 
 
Figure 4.1. Predicted mean weight of the cattle group between the provinces across the data collection 1-10 
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Figure 4.2. Predicted mean weight of the cattle group between the village categories across the data 
collection 1-10 
 
 
Figure 4.3. Predicted mean weight of the buffalo group between the provinces across the data collection 1-10 
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4.4.3. Reproductive performance 
 
The calving rates for the cattle and buffalo groups were 51 - 75% and 41 - 52%, 
respectively (Table 4.4). The inter-calving intervals for the cattle and buffalo groups were 
13.6 - 15.6 and 18.6 - 20.6 months, respectively. 
 
Table 4.4. Contingency table of large ruminant reproductive performance in 2009 - 
2011survey. 
 
Species / Variables 
LPB XK 
LI
1
 HI LI HI 
Cattle     
No. of cows observed 435 417 111 228 
No. of cows that calved 315 312   57 117 
   a) 1 calf   22(7%)   25(8%)   14(24%)   32(27%) 
   b) 2 calves or more 293(93%) 287(92%)   43(76%)   85(73%) 
Calving rate (%)   72   75   51   51 
Inter-calving interval (months)
2
   14.5(±4.5)   13.6(±3.1)   14.7(±4.6)   15.7(±5.4) 
Buffalo     
No. of cows observed  120   66   66 
No. of cows that calved    63   27   33 
   a) 1 calf    17(27%)   13(48%)   10(30%) 
   b) 2 calves    46(73%)   14(52%)   23(70%) 
Calving rate (%)    52   41   50 
Inter-calving interval (months)
2
    20.6(±6.1)   19.8(±5.3)   18.6(±5.1) 
 
LPB, Luang Prabang and XK, Xiengkhoung. LI, low-intervention village; HI, high-intervention village. 
1
Few 
buffalo were available as many farmers replaced their stock by a hand tractor. 
2
Mean ± standard deviations 
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4.4.4. On-farm fattening trial 
 
No significant differences were observed in the trial cattle initial weight but significant 
differences in the mean weight emerged during the trial (p = 0.44 and p = 0.03, 
respectively). The initial mean weights of the free-grazed cattle versus the fattened cattle 
were 105 kg (±12.1) and 121 kg (±17.1) respectively, with mean weights at completion of 
109 kg (±12.9) and 151 kg (±18.2) (Table 4.5). The fattening stall cattle had a significantly 
increased ADG of 320 g/d (±40) compared to the free-grazed cattle of 40 g/d (±28) (p 
<0.001). 
 
The initial and final weights of the free-grazed and fattened buffalo were not significantly 
different despite the fattened animals having significant increases in weight and ADG (p = 
0.001 and p = 0.001, respectively). The fattened buffalo had a mean weight increase and 
ADG of 24 kg (±2.7) and 217 g/d (±27) which were more than double the free-grazed 
buffalo.  
 
The fattened cattle and buffalo had significant increases in mean sale value compared to 
the free-grazed animals, with USD 78 and USD 123 per head, respectively. The estimated 
gross margins of the fattened cattle and buffalo were USD 57 (±37) and USD 103 (±57) 
respectively compared to the free-grazed cattle and buffalo of USD 11 (±13) and USD 48 
(±14), respectively. 
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Table 4.5. Data analysis of cattle and buffalo performance when free-grazed compared to 
fattening 
 
Variable 
Cattle Buffalo 
Free-grazed Fattened Free-grazed Fattened 
No. animals observed (heads)     6   12   12   14 
  a) Female     4     5      6     6 
  b) Mean age (yrs)     2.3(±0.2)
a
     2.2(±0.1)
a
     4.2(±1.4)
a
     3.5(±1.1)
a
 
Mean BSC     
  a) Initial BSC     2.4(±0.1)
a
     2.3(±0.2)
a
     2.6(±0.2)
a
     2.7(±0.4)
a
 
  b) Final BSC     2.3(±0.1)
a
     3.1(±0.2)
b
     3.2(±0.2)
a
     3.6(±0.4)
b
 
  c) Difference    -0.1(±0.2)
a
     0.8(±0.2)
b
     0.6(±0.1)
a
     1.1(±0.8)
b
 
Mean weight (kg)     
  a) Initial weight 105(±12.1)
a
 121(±17.1)
a
 338(±29.4)
a
 310(±27.3)
a
 
  b) Final weight 109(±12.9)
a
 151(±18.2)
b
 349(±29.5)
a
 334(±27.3)
a
 
  c) Difference     4(±3.8)
a
   30(±2.7)
b
   11(±2.5)
a
   24(±2.7)
b
 
  d) ADG (g/d)   40(±28)
a
 320(±40)
b
   85(±25)
a
 217(±27)
b
 
Mean value (USD)*     
  a) Initial value 160(±25)
a
 193(±35)
a
 464(±37)
a
 480(±40)
a
 
  b) Final value 173(±30)
a
 271(±43)
b
 513(±41)
a
 604(±45)
a
 
  c) Difference 13(±9)
a
 78(±12)
b
 49(±10)
a
 123(±13)
b
 
 
Predicted mean ± standard errors. Difference letters (a; b) indicate a significant difference between the means 
in each species. *Exchange rate at USD 1 = LAK 8,000.  
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4.5. Discussion 
 
The longitudinal study established baseline production parameters of local cattle and 
buffalo, providing evidence of low mean weight and ADG plus the significant seasonal 
fluctuations of the current production system in northern Laos with limited feed 
availability in the dry season from December to May. The low ADG in collections 1 - 2, 4 
- 5 and 7 - 8, reflect this seasonal shortage of feed available for grazing.  
 
Although the project introduced forage plantations in all the HI villages, there was variable 
uptake of this intervention between the provinces with only LPB successfully adopting this 
practice from 23.7 ha in 2011 to over 50 ha by project completion in 2012, explaining the 
higher ADG in this province compared to other sites. Of interest was that the LI village in 
LPB also adopted forages resulting in mean ADG that was against the general trend 
observed that animals in the HI villages had higher weights than in LI villages as the 
project progressed. However the ADG indicated that there was not a statistically 
significant difference between HI and LI villages with low ADG of 66 and 68 g/d 
respectively reflecting that although the forage plantation was introduced in all HI sites the 
uptake of the intervention was variable among the HI sites. A similar study in southern 
Cambodia showed that cattle in HI villages had significant higher ADG than those in LI 
sites, gaining 116 g/d compared to the low intervention group of 49 g/d during the four 
year study (Young et al., 2013a). The different outcomes of two similar projects conducted 
in neighbouring countries were considered mostly attributable to differences in the uptake 
of forage plantations between the sites. 
 
In our longitudinal study, temporal variation in the weight of cattle between province and 
village category was greater than in buffalo, probably reflecting the usual practice of 
providing better care for buffalo, especially when used for draught power, although few are 
now used for this purpose (Wilson, 2007) due to the widespread introduction of hand 
tractors (Steering Committee for Lao Census of Agriculture, 2012). Superior care for 
buffalo in Southeast Asian rural communities is common, with their retention closer to 
home rather than being sent out for grazing on common land with cattle, as previously 
reported (Cleland et al., 1995). 
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Mean cattle weights were significantly higher in HI than that in LI villages, with the 
predicted mean weight in HI of 169 and 197 kg in the data collections 1 and 10, 
respectively, although this data is indicative of the low mature weight of indigenous cattle 
in northern Laos. A study in northern Vietnam reported mature weights of females and 
bulls of the yellow cattle breed to be 120 and 300 kg respectively (Burns et al., 2002), 
findings similar to the results observed in our study. Further studies of the mature weight, 
carcass percentage, first calving age and herd age structure of Lao cattle are recommended. 
 
Nutritional deficiency is very likely to be the major factor affecting the failure of the 
observed cattle and buffalo to gain weight. However infectious disease outbreaks from 
endemic FMD are also considered to be a contributing factor to weight variations in cattle 
and buffalo weights in XK, particularly in the early data collections prior to the 
commencement of the FMD vaccination campaign when a series of FMD outbreaks were 
reported in many villages including the surveyed sites (Nampanya et al., 2013c; Rast, 
Windsor & Khounsy, 2010). FMD infections seriously compromise efforts to improve 
large ruminant productivity, by decreasing weight gains and increasing financial losses 
through treatment costs, time spent for sick animals and potentially, costs of feed to replace 
weight lost following the extended periods when affected animals are unable to eat (Rast, 
Windsor & Khounsy, 2010). Further, an extreme climatic shock in March 2011 affected 
many villages across northern Laos including the study areas. This may also have had an 
impact on variations in weight and ADG of the study animals, particularly in XK, the most 
severely affected province (Khounsy et al., 2012). Without the preservation of silage and 
the ability to feed this to animals in the HI village in XK, the impact of the hypothermia 
episode in this village would likely have been more severe. 
 
The results of the survey of reproductive performance indicated low calving rates of large 
ruminants in northern Laos, with approximately 70 and 50% calving rates for cattle in LPB 
and XK respectively. This is consistent with farmer reports that their cows usually produce 
a first calf at three years of age and miss a breeding season once every 2 - 4 years (Stür, 
Gray & Bastin, 2002). The low calving rates of cattle and buffalo have also been described 
in other parts of Southeast Asia (Moran, 2009; Perera, 2011; Steane, Wagner & 
Khumnirdpetch, 2002). As the calving intervals could only be determined on the most 
reproductively active cows that produced two calves in three years, this data should be 
interpreted with caution and the true inter-calving intervals are likely to be much longer 
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(Huyen et al., 2011; Perera, 2011; Stür, Gray & Bastin, 2002). An important consideration 
is that routine reproductive management of large ruminants is not currently practiced in 
Laos. Husbandry practices including sex segregation, castration of male calves not 
required for breeding, selective breeding of superior animals and recording of joining 
dates, calving dates, gestation length, weaning practices and other aspects of breeding 
management are rarely observed and such data is unavailable. Improving breeding 
husbandry practice in Laos remains a significant challenge and requires multiple 
interventions to improve animal health, nutrition and farmer husbandry knowledge 
(McDermott et al., 2010; Windsor, 2011). 
 
The on-farm fattening trial demonstrates that an ADG of 320 and 217 g/d for local cattle 
and buffalo respectively can be achieved when a modest improvement in quality and 
quantity of feed is made available, combined with improved husbandry and biosecurity 
practices. Although this study promoted feeding rates of 10 - 15% of body weight per 
animal per day, this was very unlikely to have occurred and despite the best of intentions, 
an accurate measure of the amounts fed could not be achieved. A study in northern 
Vietnam showed that local cattle under different feed supplements including cassava, Stylo 
and a mixture of foliages had an ADG of 337, 408 and 477 g/d, respectively (Thang, Ledin 
& Bertilsson, 2010). In our trial, a significant difference was observed in ADG between the 
fattened and free-grazed buffalo with fattened animals having double the ADG than those 
free-grazed. Of interest is that crossbred buffalo in a study in the Philippines fed a mixture 
of corn silage and concentrated feed increased their ADG from 591 to 1,066 g/d (Lapitan et 
al., 2004). This further supports the notion that improving feed quality and quantity will 
very likely achieve superior ADG for stall fattened animals in future studies of this nature 
in northern Laos.  
 
The gross margin for the fattened animals in this study may be underestimated as the 
current estimation of animal sale values in Laos is done by visual assessment which is 
prone to human error and bias by traders (Machila et al., 2008; Nampanya et al., 2010). 
Nevertheless, this study demonstrates that farmers can increase the value of cattle and 
buffalo by USD 78 and USD 123 per head respectively by stall fattening their animals for 
4 months. The result of this pilot field trial has encouraged the participating farmers to 
continue livestock fattening activities to increase household income. The participation of 
other farmers requires their gaining knowledge on the planting, care and harvesting of 
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forages, the level of investment required, plus the improved husbandry and basic 
biosecurity practices that are necessary to protect the increased investment. For those with 
available land, capital to invest and willingness to learn, higher returns from fattening 
activities can be used to further strengthen their large ruminant production investments 
(Dorward et al., 2009).  
 
Of potential importance to farmers considering fattening, is that the weight data-sets plus 
girth measurements (data not shown) in our study were used to develop a weigh tape for 
local cattle and buffalo that is more appropriate than the current visual estimation of animal 
values (Bush et al. 2014; Machila et al., 2008). The DLF has now introduced the use of this 
tape in villages in northern Laos to extend the pilot fattening trial described in this paper. 
 
Our study indicates that improved productivity of local cattle and buffalo can be achieved 
in northern Laos. Addressing nutritional, health and husbandry constraints by planting 
forage crops and improving disease risk management (interventions including basic 
biosecurity practices and regular vaccination for important transboundary animal disease 
such as FMD and HS), may offer significant opportunities for smallholder farmers to 
increase livestock income. Importantly, adoption of this strategy may assist alleviation of 
rural poverty and improve regional food security in the upper Mekong region (Windsor, 
2011). However this requires major improvements in smallholder husbandry knowledge, 
preferably approached by increased efforts to support participatory applied livestock 
research and extension activities on farms.  
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4.7. Abstract 
 
This study determined the carcass composition of Lao indigenous buffalo (Bubalus 
bubalis) and cattle (Bos indicus), then examined trends in bovine meat marketing 
following review of records of beef production and prices in the two major cities of Luang 
Prabang (LPB) and Xiengkhoung (XK) provinces in northern Laos. Samples from 41 
buffalo and 81 cattle (n = 122) were collected from animals slaughtered in May-June 2014, 
with live weights, carcass weights and other carcass-related variables collected. The 
observed animals were classified into 4 age cohort groups (<2, 2 - <4, 4 - 6, and > 6 years) 
with quantitative and dichotomous qualitative traits determined. There were significant 
differences in buffalo and cattle predicted mean carcass weights between age classification 
categories (p = 0.003 and 0.001) but not in dressing percentages (p = 0.1 and 0.1). The 
carcass weight of buffalo was 104 kg (±23.1) - 176 kg (±12.0) compared to 65 kg (±8.7) - 
84 kg (±6.5) in cattle, with dressing percentages of 37 - 40% and 39 - 42%, respectively. 
Despite an average bovine meat price increase of 42 - 48% between 2011 and 2013, there 
was a reduction in numbers of buffalo and cattle slaughtered in the surveyed cities of LPB 
(11%) and XK (7%), with bovine meat availability per person of 5.2 - 6.6 kg (LPB) and 
3.0 - 3.8 kg (XK), respectively. Improving the sustainability of the bovine meat supply in 
Laos requires a system approach involving improvements to animal health and production, 
livestock marketing, plus the critical development of improved slaughterhouse facilities 
enabling a meat processing sector to emerge. This development pathway is of particular 
importance for building the capacity of Laos to reduce food insecurity and alleviate 
poverty of its largely rural smallholder community. 
 
Keywords: Bovine meat marketing, buffalo (Bubalus bubalis), carcass composition, 
developing countries, yellow cattle (Bos indicus) 
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4.8. Introduction 
 
Increasing demand for products from farmed animals has been widely acknowledged as 
provoking the ‘livestock revolution’, particularly in Asia where economic growth has 
continued at a remarkable pace and is geographically widespread (World Bank 2013). 
Higher incomes amongst urban consumers have led to diversification of their diet with the 
inclusion of more meat products (FAO, 2012; WHO, 2007). Between 1997 and 2009, total 
meat consumption per capita per year in China increased from 43 kg to 58 kg and in 
Southeast Asia from 18 kg to 26 kg with projections to grow at around 3.1% and 3.0% per 
annum to reach 73 kg and 30 kg by 2020, respectively (Delgado, 2003; FAO, 2012). In 
Lao People’s Democratic Republic (Lao PDR or Laos), total meat consumption was 
approximately 21 kg per capita per year in 2009 with an annual growth rate forecast of 
4.5% and majority of animal products produced by smallholder farmers (FAO, 2012; 
Ministry of Agriculture and Forestry, 2010).  
 
Currently, most Lao smallholders are best considered as livestock ‘keepers’ rather than 
‘producers’, owning a herd size of ten or fewer indigenous buffalo (Bubalus bubalis) and 
‘yellow’ cattle (Bos indicus); keeping under a mixed crop-livestock systems (McDermott 
et al., 2010; Nampanya et al., 2010). Improving large ruminant smallholder productivity 
and facilitating the transition of smallholder livestock keepers to more market-oriented 
producers, is a potential pathway for addressing regional food security and rural poverty. 
Achieving this requires multiple interventions to improve the knowledge and practices of 
farmers, particularly their animal health and production skills, plus the development of 
marketing linkages (Nampanya et al., 2014ab; Windsor, 2011) as increasing productivity 
will have limited success if linkages of farmers to emerging markets are not 
simultaneously enhanced (Arias et al., 2013).  
 
The major constraints to improve large ruminant productivity in Laos include: important 
endemic diseases and particularly Foot and Mouth Disease (FMD) and Haemorrhagic 
Septicaemia (HS); severe feed deficiency in the dry season; inadequate livestock extension 
services; minimal access to credit; plus limited marketing information (Nampanya et al., 
2010; Stür, Gray & Bastin, 2002; Windsor, 2011). Currently, estimations of the meat 
weight and value of live buffalo and cattle is performed visually, a process subject to 
human error and bias by traders (Machila et al., 2008). Lao smallholder farmers have 
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limited bargaining power as they sell old or sick animals when they need large sums of 
money for special or emergency events, which traders are usually able to set a low price 
for, knowing that farmers are keen to sell to obtain money and cut their losses 
(Rweyemamu et al., 2008a). Understanding dressing percentages of carcass and meat is 
important for improvement of knowledge in large ruminant price discovery determination. 
Such an understanding will enhance smallholder farmer capacity to sell their stock at an 
accurate and fair price based on their stock live weights and dressed meat weights, 
optimising the sale of their assets and household livestock incomes. 
 
This study aims to progress published information on the bovine meat supply chain in the 
northern Lao region of the Greater Mekong Subregion (GMS) that commenced with a 
longitudinal survey of smallholder large ruminant health and production in northern Laos 
between 2008 and 2011 (Nampanya et al., 2014b). We determined the carcass composition 
of local buffalo and cattle at local slaughterhouses in northern Laos, then examined trends 
in the bovine meat market by reviewing records of prices and production levels of bovine 
meat in the two major cities of Luang Prabang (LPB) and Xiengkhoung (XK) provinces in 
northern Laos. 
 
4.8. Materials and Methods 
 
4.8.1. Carcass composition survey 
 
4.8.1.1. Survey site and sample size 
 
This survey was conducted in May - June 2014 at a local slaughterhouse in each capital 
district of LPB and XK provinces, taking two weeks per location. The survey team 
included the senior author, two final year veterinary students from the National University 
of Laos, plus one district livestock staff from each district. 
 
A total of 41 buffalo and 81 cattle (n = 122) were sampled from the available animals 
during the survey period. The numbers of sampled buffalo and cattle used in this study was 
calculated to provide a confidence of 90 - 95% and a margin error of 5 - 10% from an 
estimated population of large ruminants slaughtered in each location of 5,000 - 7,000 
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animals per annum, based on a previously published framework (Cameron, 1999; Fosgate, 
2009). 
 
4.8.1.2. Data collection 
 
Ante-mortem inspection: The live weight of each observed animal was recorded using 
portable electronic scales (Tru-Test EC 200), conducted approximately 10 - 30 minutes 
prior to slaughter. Age, body condition scores (BCS, 1 - 5) (FAO, 2002), sale price, sex, 
origin, coat condition (normal and abnormal) of each observed animal were also recorded 
in a data recording sheet following interview of the livestock traders. 
 
Post-mortem inspection: The slaughtering of the cattle and buffalo was conducted by 
traditional methods with carcass dissection conducted on a concrete floor using axes and 
knives. Once slain, the carcass was placed in dorsal recumbency, the hide dissected, major 
body cavities opened and visceral content removed. Quantities of meat, bone, offal, blood 
and hide of each animal were weighed using local available dial mechanic scales (2, 15 and 
100 kg capacity) and the data was recorded into data collection sheet. The presence of an 
embryo or foetus (ie pregnancy status) of each female animal was recorded. Tissues and 
organs were examined by visual inspection, palpation and incision for the presence of 
lesions. In particular, the liver of each animal was carefully investigated for the presence of 
lesions and liver flukes consistent with acute or chronic fascioliasis due to liver fluke 
infestation by Fasciola gigantica, plus the pathological condition of hepatic tissue was 
classified as displaying normal, mild, moderate or severe lesions of Fasciola hepatopathy 
(Molina, Lozano & Barraca, 2006; Rast, 2014). 
 
4.8.2. Review of buffalo and cattle meat market data 
 
Secondary data on the numbers of slaughtered large ruminants and their prices in the 
capital districts of LPB and XK provinces between 2011 and 2013 were retrieved from 
records available at district livestock sections. Due to missing records in LPB, it was 
necessary to provide estimates of some of the 2013 LPB data based on the numbers of 
slaughter points and the average population of animals slaughtered per night in that year. 
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4.8.3. Data management and data analysis 
 
The survey data was transcribed into a Microsoft Excel spreadsheet. Proportions of meat 
and carcass of each observed animal was determined, based on the proportion of a live 
animal that provides either meat or residual carcass, including bone and muscle of the torso 
and legs after the removal of the head, feet, skin, blood, stomachs, intestines, heart, lungs 
and liver (Warriss, 2000). Predicted means and standard errors of live, carcass and meat 
weights of buffalo and cattle were determined separately using restricted maximum 
livelihood (REML) in Genstat 14
th
 edition statistical program. BSC, sex, age classifications 
(4 age cohort groups: < 2, 2 - < 4, 4 - 6 and > 6 years old), presence of foetus and liver 
fluke infestation were defined as fixed variables in the model whereas animal identification 
and the location of the survey were random variables. Post-hoc testing was conducted by 
comparing the prediction means of the age classification groups. 
 
For categorical data, descriptive analysis was performed on each variable using frequency 
tables. Separate univariable logistic regression was performed in Genstat 14
th
 edition 
statistical program to determine the association between the binary outcome variables of 
presence of foetus and of liver fluke infestation found on each carcass with explanatory 
variables. The odds ratios of significant explanatory variables were examined to determine 
the extent as well as positive or negative association with the presence of foetus and with 
liver fluke infestation. To facilitate the analysis animals were group into two groups based 
on their BCS score: < 3 BCS group or ≥ 3 BCS group. Variables with likelihood ratio chi-
square of p<0.05 were retained in the final multivariable model. 
 
Further for bovine meat production data, the total cattle and buffalo meat produced was 
derived from the predicted mean meat weights and the number of animals slaughtered in 
that year. Simple annual average growth rates of number of cattle and buffalo slaughtered, 
quantity of bovine meat produced and change in price per annum were calculated. Bovine 
meat availability per household and per person was derived by determination of total 
bovine meat produced and the number of households and population in 2011 in each 
district (Lao Statistics Bureau, 2014). Further price elasticity of supply was derived from 
the changes in total bovine meat produced and changes to its price (Rushton, 2009).  
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4.9. Results 
 
4.9.1. Slaughterhouse survey 
 
4.9.1.1. Descriptive analysis of the slaughterhouse survey 
Number of observed buffalo and cattle, their age, weights and prices were tabulated (Table 
4.6). The mean live weight of buffalo and cattle was 400 kg (±69.9) and 194 kg (±46.2) 
with mean price at farm gate of USD 1,140 (±280) and USD 554 (±138) respectively. 
 
Table 4.6. Summary of descriptive analysis of the slaughterhouse survey. 
 
Variables Buffalo Cattle Total 
No. observed animals (No. females)       41(26)   81(65) 122(91) 
Mean    
  Age(yrs)         5.4(±2.2)     5.4(±1.6)  
  BCS(1-5)         2.7(±0.6)     2.4(±0.8)  
  Sale price at farm gate (USD/animal) 1,140(±280) 554(±138)  
Mean weights (kg, ± sd)    
  Live animal     400(±69.9) 194(±46.2)  
  Carcass     156(±34.0)   79(±20.4)  
  Meat product     118(±27.4)   60(±18.1)  
  Epaxial muscle       13.2(±2.9)     8.2(±2.9)  
  Hypaxial muscle         4.3(±2.9)     2.5(±1.5)  
Percentage (%)    
  Carcass        39(±3.6)   40(±4.6)  
  Meat product       29(±3.4)   30(±4.6)  
Mean weights (kg, ± sd)    
  Head       23.5(±4.9)   10.7(±2.5)  
  Hide       40.5(±11.6)   14.4(±4.9)  
  Leg bone       12.2(±2.0)     4.2(±1.6)  
  Rib, back and other bone       38.3(±7.9)   18.5(±4.6)  
Mean weights (kg, ± sd)    
  Heart         1.9(±0.5)     0.8(±0.3)  
  Liver          6.9(±2.0)     2.9(±0.7)  
  Lung          2.8(±1.0)     1.9(±0.7)  
  Kidney         1.6(±0.6)     0.8(±0.6)  
  Pancreas          1.7(±0.8)     0.7(±0.7)  
  Blood        15.9(±5.5)     6.4(±1.9)  
  Intestine       20.6(±12.5)   10.6(±3.9)  
  Stomach and others     104.5(±27.1)   54.4(±20.4)  
Qualitative variables being classified as normal    
  General and appearance       35(85%)   76(94%) 111(92%) 
  Coat condition       34(83%)   73(90%) 107(88%) 
  Meat product       36(88%)   74(91%) 110(90%) 
No. animals having scar or lesion on the mouth         9(22%)     5(6%)   14(12%) 
Mean ± Standard Deviation; BCS, Body condition scores 
  
124 
4.9.1.2. Statistical analysis of the carcass composition survey 
 
There were significant differences in buffalo predicted mean live, carcass and meat 
weights between age classification categories (p = 0.05, 0.03 and 0.003, respectively) but 
no difference in dressing and meat percentages (p = 0.1 and 0.3 respectively, Table 4.7). 
The predicted mean carcass weight in buffalo was 104 kg (±23.1) in <2 years age 
classification categories and 176 kg (±12.0) in >6 years age classification categories with 
dressing percentage of 40% (±3.3) and 37% (±1.8), respectively. 
 
There were significant differences in cattle predicted mean carcass and meat weights 
between age classification categories (p = 0.001 and 0.006) despite no significance in their 
live weights (p = 0.2; Table 4.7). The predicted mean carcass weights in cattle was 65 kg 
(±8.7) in 2 - <4 years age classification categories and 84 kg (±6.5) in cattle >6 years age 
classification categories with dressing percentages of 39% (±1.8) and 42% (±1.5), 
respectively. Further, the presence of foetus and liver fluke infestation in the carcass had 
no significant effects on the buffalo live weights (p = 0.9 and 0.9) but did have significant 
effects on cattle live weights (p = 0.007 and < 0.001). 
 
Frequencies of associations of explanatory variables with presence of a foetus and liver 
fluke infestation in the observed carcasses were tabulated (Tables 4.8 and 4.9).  
 
The results of the final logistic regression model were also tabulated (Table 4.10). There 
were no significant associations between the investigated variables and the explanatory 
variables, with a foetus found in 60% and 54% of female buffalo and cattle carcasses. 
 
The univariable logistic regression showed significant association between species and 
lesions of liver fluke infestation, with liver fluke found in 32% of the observed buffalo 
compared to 5% in cattle (Table 4.9). However, in the final model only liver condition 
grading and location were significant variables (p < 0.001 and 0.04) in association with 
liver fluke infestation (Table 4.8). 
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Table 4.7. Prediction means of live weights, carcass weights and meat weights (kg) of 
buffalo and cattle by age classification categories. 
 
 
Age classification categories (yrs) and overall prediction means 
Grand mean 
< 2 year old 2- <4 year old 4-6 year old > 6 year old p-value 
Buffalo       
Live weight (kg) 250(±56.5)a 332(±35.7)b 400(±14.7)bc 469.4(±29.5)d 0.05 363(±15.6) 
Carcass weight (kg) 104(±23.1)a 142(±14.6)b 156(±6.0)bc 176(±12.0)bc 0.03 144(±6.7) 
Meat weight (kg)   73(±19.9)a 105(±12.6)b 118(±5.2)bc 135(±10.4)bc 0.03 108(±5.8) 
Dressing percentage (%)   40(±3.3)abcd   42(±2.0)abcd   39(±0.8)abcd 37(±1.8)abcd 0.1   40(±1.0) 
Meat percentage (%)   28(±3.5)abcd   31(±2.2)abcd   29(±1.0)abcd 28(±1.8)abcd 0.3   29(±1.1) 
Cattle *       
Live weight (kg)  166(±21.7)abc 197(±6.3)abc 202(±16.4) abc 0.2 189(±5.3) 
Carcass weight (kg)    65(±8.7) a   79(±2.5)bc   84(±6.5)bc 0.01   76(±2.1) 
Meat weight (kg)    47(±7.7) a   60(±2.2)bc   65(±5.8)bc 0.006   58(±1.9) 
Dressing percentage (%)    39(±1.8)abc   40(±0.5)abc   42(±1.4)abc 0.1   40(±0.5) 
Meat percentage (%)    29(±1.8)abc   30(±0.5)abc   32(±1.4)abc 0.1   30(±0.5) 
 
Predicted mean ± standard errors. Letters (a, b, c and d) indicate a significant difference between the means 
within the age classification categories * None of the observed cattle was aged less than 2 years old 
 
 
 
 
 
Table 4.8. Contingency table and univariable logistic regression results for association of 
key explanatory variables with presence of a foetus in female buffalo and cattle carcasses 
(n = 91). 
 
Variables/Categories 
Presence of foetus 
OR 95 % CI p-value 
Yes(%) No(%) 
Species     0.6 
  Buffalo 14(54) 12(46) 1.0   
  Cattle 39(60) 26(40) 1.3 0.2-2.8  
BCS classification     0.3 
  < 3 bsc 37(55) 30(45) 1.0   
  ≥ 3 bsc 16(66)   8(34) 1.6   0.1-3.1  
Location     0.8 
  LPB 13(61)   8(39) 1.0   
  XK 40(57) 30(42) 0.8 0.7-2.3  
 
LPB, Luang Prabang; XK, Xiengkhoung; OR, Odds ratio, CI, Confidence interval. 
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Table 4.9. Contingency table and univariable logistic regression results for association of 
key explanatory variables with the presence of liver lesions of F.gigantica in buffalo and 
cattle carcasses (n= 122). 
 
Variables/Categories 
Presence of Liver fluke 
OR 95% CI p-value 
Yes(%) No(%) 
Liver condition grading     <0.001 
  Normal   3     (3) 96 (97)   1.0   
  Mild   5   (63)   3 (37) 26.6 22.6-30.7  
  Moderate   6   (50)   6 (50) 64.0 59.9-68.0  
  Severe   3 (100)   0   (0) 11.6x10
3 
11.6-11.7x10
3
  
Species     <0.001 
  Buffalo 13   (32) 28 (68)   1.0   
  Cattle   4     (5) 77 (95)   0.1  0-2.1  
BCS classification       0.8 
  < 3    7   (15) 40 (85)   1.0   
  ≥ 3  10   (13) 65 (87)   1.1 0.5-2.8  
Location     <0.001 
  LPB 14   (38) 23 (62)   1.0   
  XK   3     (4) 82 (96)   0.0 0-2.3   
 
 
 
 
Table 4.10. Final logistic regression model for lesions of F.gigantica in 122 buffalo and 
cattle carcasses at slaughterhouses in northern Laos.  
 
Variable category b se (b) OR 95% CI p-value 
Liver condition grading     <0.001 
  Normal - -   1.0 -  
  Mild   2.2   0.9   9.0   3.2-14.8  
  Moderate   3.4   0.9 29.9 24.1-35.8  
  Severe 11.4 20.2 89.3 x 10
3
  -1.6x10
7
-1.5x10
17
  
Location      
  LPB     1.0   
  XK -1.9 0.9   0.1   0 - 6.5    0.04 
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4.9.2. Bovine meat market survey 
 
Bovine meat production, prices and their percentage change per annum between 2011 and 
2013 in the capital districts of LPB and XK were tabulated (Table 4.11). Buffalo were the 
main species slaughtered in LPB whereas cattle were the main species in XK. The 
reduction in the number of buffalo and cattle slaughtered in both cities was 11% and 7%, 
respectively. Bovine meat availability per person in LPB was 5.2 - 6.6 kg and in XK was 
3.0 - 3.8 kg. The annual increase in the price of bovine meat observed between 2011 and 
2013, was between 42% and 48% with an overall price inelasticity of supply of -0.3.  
 
Table 4.11. Bovine meat production in capital districts of Luang Prabang (LPB) and 
Xiengkhoung (XK) provinces, 2011-2013. 
 
Locat
ion 
Variables 
Years % change 
per annum 2011 2012 2013 
 No. buffalo slaughtered (heads/mth)       438(±101)        394(±51)        345(±43)  
 No. cattle slaughtered (heads/mth)          35(±12)          35(±13)          26(±5)  
 Total bovine Slaughtered (heads/mth)        474(±98)        429(±59)        371(±45)  
 No. buffalo slaughtered (heads/yr)     5,261     4,725     4,138 -11 
 No. cattle slaughtered (heads/yr)        424        417        311 -13 
LPB Total buffalo and cattle slaughtered (heads/yr)     5,685     5,142     4,449 -11 
 Buffalo meat produced (kg/yr) 568,188 510,300 446,904 -11 
 Cattle meat produced (kg/yr)   24,592   24,186   18,038 -13 
 Total bovine meat produced (kg/yr) 592,780 534,486 464,942 -11 
 Bovine meat availability (kg/hh)           41.2           37.2           32.3 -11 
 Bovine meat availability (kg/pers)             6.6             5.9             5.2 -11 
 No. buffalo slaughtered (heads/mth)          76(±26)          55(±15)         44(±14)  
 No. cattle slaughtered (heads/mth)        312(±82)        379(±32)        277(±40)  
 Total bovine Slaughtered (heads/mth)        388(±100)        434(±35)        321(±33)  
 No. buffalo slaughtered (heads/yr)        911        664        528 -24 
 No. cattle slaughtered (heads/yr)     3,748     4,542     3,325    -3 
XK Total buffalo and cattle slaughtered (heads/yr)     4,660     5,206     3,853    -7 
 Buffalo meat produced (kg/yr)   98,424   71,712   57,024 -24 
 Cattle meat produced (kg/yr) 217,394 263,436 192,850   -3 
 Total bovine meat produced (kg/yr) 315,818 335,148 249,874 -10 
 Bovine meat availability (kg/hh)           26.3           27.8           20.8 -10 
 Bovine meat availability (kg/pers)             3.8             4.1             3.0 -10 
 Price of bovine meat (USD/kg)             4 - 4             5 - 6             8 - 9   42 - 48 
 Price elasticity of supply       -0.3 
 
* Exchange rate: USD 1 = 8,000 Lao Kip; mth, month; yr, years; hh, household; pers, person  
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4.10. Discussion 
 
This study builds on data from a previous longitudinal study on large ruminant health and 
production in smallholder farming systems in northern Laos (Nampanya et al., 2014b) 
providing carcass and meat weight parameters of local buffalo and cattle. Further, changes 
in meat prices are reviewed, providing an insight into the trend of consistently increasing 
local and regional demand for beef and the short to medium term sustainability and 
resilience of the bovine meat market in northern Laos.  
 
Live weights, carcass weights and dressing percentages are important measures used to 
determine the price that farmers receive for their animals, either from traders or at the 
slaughterhouse. It is recognised that the carcass weights and dressing percentages of beef 
animals are highly variable, depending on gut fill, breed, sex, pregnancy status and stage of 
maturity (Warriss, 2000). The dressing percentages of 37 - 40% for buffalo and 39 - 42% 
for cattle in Laos were considered relatively low when compared to reports of the dressing 
percentage of buffalo and cattle of 45 - 50% from neighbouring countries in the region 
(Dung et al., 2013; FAOSTAT, 2013; Potter, Samon & Sovyra, 2007; Uriyapongson, 
2013). This likely reflects the low levels of husbandry practices in a low input management 
system in the country, with most large ruminants free-grazed on native pastures with live 
weights and productivity performance reflecting seasonal changes. Significant differences 
in production have been recorded between wet and dry seasons, with average daily weight 
gain in buffalo of 55 - 84 g/day and cattle of 92 - 105 g/day observed (Nampanya et al., 
2014b). 
 
The lack of significant differences in buffalo and cattle live weights between age 2 - <4 
years categories and other older age groups, suggests that local large ruminants may reach 
maturity at this age classification, with live weights of 332 kg (±35.7) for buffalo and 166 
kg (±21.7) for cattle. Further research is recommended to quantify this observation. 
Importantly, these results provide information for smallholder farmers that may assist them 
to plan the sale of their stock. Sale of stock between 2 - 6 years, and preferably male stock 
at the end of rainy season, can be planned, although is subject to prices, live weight gain, 
body condition scores and necessarily, negotiation with traders. For farmers with available 
land to grow forages, stall fattening prior to the sale of large ruminants is recommended as 
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this has been shown to significantly increase live weights, BSC, sale prices, and dressed 
meat weight of animals (Nampanya et al., 2014b and 2015b). 
 
An important observation in this study was the high frequency of pregnant females 
currently being slaughtered, despite the prohibition of the slaughter of pregnant animals for 
meat in Laos (Ministry of Agriculture and Forestry, 2008). This survey revealed that 60% 
and 54% of the female cattle and buffalo were slaughtered whilst pregnant, respectively, 
exceeding previous observations from a slaughterhouse survey conducted in five northern 
provinces of Laos that indicated that 45% of the female large ruminants slaughtered were 
pregnant (Rast, 2014). Slaughtering of pregnant animals results in calf wastage and 
undermines reproductive capacity so is important in breeding management. However it is 
widely known that soup made from large ruminant uterus and foetus is a delicacy in the 
Lao cuisine. The findings indicate the current low levels of compliance and enforcement 
capacity at slaughterhouses in Laos (Ministry of Agriculture and Forestry, 2008). 
Improvements in farmer knowledge, attitudes and practices in bovine breeding and general 
husbandry management (Nampanya et al., 2014ab; Windsor, 2011) are considered crucial 
in addressing the reduction of bovine meat supply.  
 
The frequent finding of liver fluke infestation and high levels of hepatic damage in the 
carcasses, indicates the importance of this internal parasite in large ruminant health and 
production in Laos. A recent extensive study of the impact of fascioliasis and toxocariasis 
on large ruminants in northern Laos has confirmed the high prevalence of both parasites in 
the region (Rast, 2014). Although unsubstantiated by serological findings, the healed scars 
in the mouth of 12% of the observed animals is considered likely to reflect previous FMD 
infection, with a series of major outbreaks recorded in the region (Nampanya et al. 2013a). 
The high prevalence of important diseases (FMD, HS, fascioliasis and toxocariasis) and 
severe feed deficiency in the dry season has been recognised as major constraints to 
improving large ruminant production in Laos (Nampanya et al., 2010; Stür et al., 2004; 
Windsor, 2011). 
 
One public health concern observed at Lao slaughterhouses was the lack of appropriate 
slaughtering facilities and unsatisfactory slaughtering techniques, causing unnecessary 
losses of meat and by-products from carcasses (Joshi et al., 2003). Slaughtering was 
carried out on the ground, resulting in frequent contamination of the carcass with animal 
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manure, intestinal contents and dirty water. Regulations concerning meat inspection and 
food safety controls were commonly inadequate or non-existent. This results in high risk 
bacterial loads on meat through cross contamination and unhygienic practices and exposes 
consumers to potential pathogens  (FAO, 2008). Lao consumers usually buy beef and other 
meat in small amounts and cook and consume these within a relatively short time from 
slaughter (usually less than eight hours), reducing the severity of microbial development 
on the contaminated beef (Brown, Longworth & Waldron, 2002). Nevertheless, consuming 
raw beef does exist in the Lao cuisine, increasing the risk of exposure to pathogens on 
contaminated bovine meat (Vongxay et al., 2012). Changing from the current ‘wet’ to a 
chilled meat market is expected to progress slowly in Laos but will very likely be adopted 
eventually providing price differentials between ‘hot’ and ‘cold’ meat can be kept relative 
low (FAO, 2008). 
 
Development of large ruminant production and the meat industry in developing countries 
including Laos requires major improvements in meat processing, with construction of 
appropriate slaughtering facilities, introduction of hygienic conditions and practices, and 
addressing food safety and animal welfare concerns. Options and designs for hygienic 
basic and medium-level slaughterhouses in Southeast Asia have been thoroughly reviewed 
(FAO, 2008), although their implementation for Laos will require modifications to ensure 
they are practical and adaptable, avoiding the building of facilities that will remain unused. 
At a minimum, slaughter facilities should be constructed of a concrete slab with a simple 
building containing holding pens, allowing for humane slaughtering of livestock, and 
provided with equipment for flaying, hanging and quartering (Joshi et al., 2003) and 
complying with basic minimal requirements that enable humane and hygienic slaughter. 
An observation of potential importance relates to culture and employment. All 
slaughterhouse owners and workers in LPB belonged to a single ethnic group (Tai Dam) as 
other ethnic groups are reluctant to work at slaughterhouses due to their traditional belief in 
Buddhism. This may be of importance for slaughterhouse development and requires further 
investigation.  
 
Further, the farm gate value of large ruminants in Laos of USD 836 million was estimated 
based on the total national herd in 2011 (Young et al., 2014) with approximately 100,000 
live cattle and buffalo exported annually to neighbouring countries and particularly China 
and Vietnam (Ministry of Planning and Investment, 2011; Nampanya et al. 2014b). 
131 
Increasing large ruminant production in Laos requires policy supports and frameworks to 
foster smallholder market participation and integration increasing both quantity and quality 
of large ruminant production as increasing productivity will have limited success if 
linkages of farmers to emerging markets are not simultaneously enhanced (Arias et al., 
2013). To minimize risks of policy failures, the formation and implementation of policy 
interventions need to be evidence-based and applicable to local conditions (Arias et al., 
2013; Windsor, 2011). Harmonisation of government and aid donor support and extension 
policies from national, provincial and district level is crucial for the development of the 
bovine meat industry and emergence of the processing sector to address critical constraints 
in large ruminant health, production and trade (Nampanya et al. 2014b; Windsor 2011). 
 
The study used available variations in the price of meat as an indicator for the 
sustainability and resilience of bovine beef marketing in northern Laos. Trends in 
production and consumption per person as well as patterns of consumption among different 
income groups has been used as a general indication of resilience, with short and medium 
term trends in food prices and livestock disease prevalence providing information on 
potential sources of food instability (FAO, 2011b). Reductions in bovine meat production 
and availability in both cities and the price inelasticity of supply of -0.3 indicate that 
current levels of bovine production are not meeting the increasing demand for beef, 
resulting in pressure for increasing prices. It is widely acknowledged that food products 
generally are more responsive to changes in price particularly in lower income countries, 
although livestock products may be highly elastic where increasing food prices are more 
likely to reduce demand for animal products compared to staple foods such as cereals 
(Green et al., 2013; Rushton, 2009). However as this study only focused on the bovine 
meat market, further studies on other substitute meats (pork, chicken and wild meat) are 
recommended. 
 
Improving large ruminant smallholder productivity, sustainability and resilience of the 
bovine meat market in Laos requires that multiple components of the beef value chain be 
addressed. The introduction of technologies that improve large ruminant health, production 
and processing, plus development of markets that improve supply linkages and marketing 
information is critical. However currently, it is the development of slaughterhouse facilities 
and a meat processing sector that is urgently needed in Laos. Improving bovine 
productivity will require numerous management constraints to be addressed including: 
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health issues (parasites and endemic diseases, particularly fascioliasis, toxocariasis and HS 
control), biosecurity and transboundary disease (particularly FMD), nutritional deficits, 
low reproductive performance, high slaughter rates of pregnant cows, undeveloped trade 
and marketing systems, limited veterinary and extension service capacity, and failures in 
regulatory compliance. Stimulating smallholder livestock farmers to improve productivity 
and move from the current low input and output system to medium-sized, market-oriented 
livestock production is an important endeavour and supports the Lao Government policy 
that promotes pathways for reduction in food insecurity and alleviation of rural poverty. 
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5.1. Abstract 
 
Surveys of smallholder farmer knowledge, attitudes, practices (KAP) and income, were 
conducted in 2011 and 2012 in five northern provinces of Lao PDR (n = 200 farmers). 
Participating villages were classified as either from a livelihood development project (LV, 
n = 80 farmers), or a livestock research project that contained both ‘high intervention’ (HI, 
n = 60 farmers) or ‘low intervention’ (LI, n = 60 farmers) villages. Farmer training plus a 
suite of health and productivity interventions were implemented in HI sites; vaccination 
only was implemented in LI sites, whilst various interventions and limited vaccination 
were introduced to LV sites. Farmer interviews were conducted with survey questions on 
socioeconomic variables and KAP of large ruminant health and disease risk management, 
enabling determination of quantitative and dichotomous qualitative traits and comparison 
of results from HI, LI and LV villages. The average farmer income from sales of large 
ruminants in HI was USD 621, in LI was USD 547 and in LV was USD 225 (p < 0.001). 
The predicted mean of total knowledge scores (/42) in the 2012 survey in HI was 28, in LI 
was 22 and in LV was 17 (p < 0.001). We conclude that improved KAP of large ruminant 
health and production can be achieved by intensive training, although with some farmers 
yet to apply their knowledge on husbandry and biosecurity practices, continued learning 
support and closed linkage of research and development projects to improve extension 
capacity is recommended. This multiple participatory approach promoting biosecurity in 
addition to vaccination may provide a more sustainable pathway for the advancement of 
Laos on the Progressive Control Pathway for FMD control.  
 
Keywords: Large ruminant health and production; FMD; village-level biosecurity; 
socioeconomics; Famer knowledge survey 
 
  
135 
5.2. Introduction 
 
Improving food security and reducing poverty remain complex challenges particularly in 
Lao People’s Democratic Republic (Lao PDR or Laos) where a large proportion of the Lao 
rural population is still poor, with 66% of the total population living on less than USD 2 
per day (Windsor 2011; World Bank 2013). Livestock production is one of the most 
important economic sectors that can provide sustainable growth of the Lao economy and 
reduce rural poverty (Khounsy & Conlan, 2008; Nampanya et al., 2010). It was reported 
that the livestock sector together with fisheries contributes up to 16% of the national gross 
domestic product (Wilson, 2007); providing up to 50% of rural household annual cash 
income (ADB, 2005). Despite its importance, this sector is still under-developed with the 
majority of smallholder farmers owning a herd size of nine or less cattle or buffaloes, using 
them mainly as a cash reserve (Nampanya et al., 2010; Wilson, 2007). As large ruminant 
farmers are currently best considered as livestock keepers rather than livestock producers, 
improving their knowledge, attitudes and practices in large ruminant productivity is an 
opportunity to potentially increase smallholder household incomes, contributing to the 
alleviation of rural poverty in northern Laos. 
 
The research project entitled ‘Best practice health and husbandry of cattle and buffalo in 
Laos’ became operational in 2008, funded by the Australian Centre for International 
Agricultural Research (ACIAR AH 2006/159). The project is an agreement between the 
Australian and Lao governments, delivered through the Lao Department of Livestock and 
Fisheries (DLF) in collaboration with the University of Sydney (UoS). This 4-year project 
has played an increasingly important role in providing research for development of large 
ruminant production in Laos; working in six villages in the three northern provinces of 
Huaphan (HP), Luang Prabang (LPB) and Xiengkhoung (XK), with two villages located in 
each province (Windsor, Soun & Khounsy, 2008). The research project has closely 
collaborated with the Northern region sustainable livelihood through livestock 
development project (LDP)’, a large development project in northern Laos; working in 18 
poor districts in the five provinces of Bokeo (BK), Luang Namtha (LNT), HP, LPB and 
XK involving 312 villages and 17,000 households (Khounsy, 2012). The collaboration 
between the research and development projects has enabled the outcomes from the 
research project to be immediately extended as development interventions by the LDP. 
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This was facilitated by a series of seven training programs on large ruminant health and 
production conducted between 2008 and 2010; aiming to build livestock extension 
capacity in the region.  
 
An initial farmer knowledge survey conducted in 2009 published the knowledge gaps in 
the research project sites in the provinces of HP, LPB and XK (Nampanya et al., 2010). 
Surveys to assess changes in knowledge, attitude and practice (KAP) of these farmers plus 
farmers in the provinces of LNT and BK, were conducted in 2011 and again in 2012 to 
assess the sustainability of any observed changes in KAP. The 2011 - 2012 surveys also 
recorded smallholder farmer income from sales of large ruminants. This paper documents 
changes in smallholder farmer awareness of biosecurity and risk of transmission of 
transboundary animal diseases (TADs) such as Foot and Mouth Disease (FMD) and 
Haemorrhagic Septicaemia (HS), knowledge of parasitic diseases, and adoption of 
husbandry practices, plus discusses trends in practices associated with large ruminant 
productivity and socioeconomic progress in the region.  
 
5.3. Materials and methods 
 
5.3.1. Surveyed sites and farmer selection 
 
This study progresses the initial farmer knowledge survey conducted in 2009 that 
identified the knowledge gaps in the research project sites (Nampanya et al., 2010), plus 
expansion of the study from three (HP, LPB, XK) to five northern provinces of Laos (plus 
LNT and BK), involving ten villages (two villages per province). Three of the six research 
project villages were classified as 'high intervention villages’ (HI) where a suite of project 
interventions were gradually implemented to increase large ruminant productivity. The HI 
package included animal health (vaccination, parasite management and biosecurity), 
nutrition (forage crop establishment and fattening) and introduction of reproductive 
management (husbandry and introduction of castration) and marketing analysis. The 
remaining three villages were designated as 'low intervention villages' (LI) or control 
villages where only vaccination was conducted. The farmers enrolled in the project sites 
were selected through participatory consultation between project staff and village chiefs, 
with decisions for inclusion including the requirement that they owned at least one large 
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ruminant and displayed a high level of receptivity to possible introduction of new 
technologies (Windsor, Soun & Khounsy, 2008). 
 
Of the 312 LDP villages (LV), two villages in each of LNT and BK provinces, located 
approximately 80 Km from the capital district of each province, were selected for 
interviews. The LDP selected project sites using the following criteria: (1) ethnicity; (2) 
poor village and (3) year round access (Khounsy, 2012). The participating farmers were 
selected based on their own decision to participate and their level of receptivity to possible 
introduction of new technologies.  
For the current survey, 20 farmers in each of the ten villages were randomly selected for 
interviews (n = 200 farmers) in May 2011 and May 2012. The selection process for 
interviews involved discussions with the village chief and veterinary worker in addition to 
farmer availability during the interview period. The majority of the farmers participated in 
both interviews.  
 
5.3.2. District livestock extension staff training 
 
With support from the Australian Crawford Fund, a series of seven 2 - 3 day workshops on 
large ruminant health and production was delivered by the UoS research team between 
September 2008 and December 2010. All workshops were attended by the same group of 
district livestock extension workers from 20 districts (22 - 25 trainees) and provincial level 
(3 trainees) as well as a teacher of the Northern Agriculture and Forestry College situated 
just north of LPB involved in the research project and the LDP. Only one trainee had a 
veterinary degree and the remainder had agriculture college certificates. Following the 
training, these extension workers then trained large ruminant smallholders in the two 
projects' areas. At the completion of the training series, assessments were conducted with 
26 out of 28 trainees providing evidence of learning (two trainees missed the final 
assessment). The structure and numbers of questions were similar to those used in the 
farmer knowledge assessments, although higher assessment criteria were used in 
assembling the results. 
 
  
138 
5.3.3. Large ruminant smallholder farmer training 
 
The knowledge-based interventions introduced to the HI villages by the research project 
consisted of three components, using a similar approach as reported from Cambodia 
(Nampanya et al., 2011), being: participatory ‘applied field research’, ‘on-the-job’ training, 
and 'formal' training with farmer group meetings and cross visits. Only the ‘applied field 
research’ component was introduced to the LI villages. Nevertheless, informal discussions 
on various large ruminant health topics between district staff and participating farmers in 
LI sites did occur. Two extension staff in each of the research project sites were assigned 
to work with both the HI and LI villages throughout the project operations period between 
December 2008 and June 2012. The three training components are described as follows: 
 
1. Participatory ‘applied field research’ consisted of the project-enrolled farmers presenting 
their cattle and buffalo on 10 occasions over a three year period for weighing, vaccination, 
faecal sample collection for internal parasite studies and recording of additional health and 
production information. As the farmers and project team worked closely together and there 
was general discussion on the aims and progress of the project, farmers were able to 
develop relationships with project staff and ‘informally’ learn new information and skills 
 
2. The ‘on-the-job’ training consisted of extension staff working with small groups of 
farmers to improve large ruminant health and production through ‘best practice’ 
interventions. These included regular vaccination and anthelmintic treatments (when 
required) plus importantly, substantial improvements to nutrient availability through 
implementation of forages technology. 
 
3. The ‘formal training’ was conducted between June 2011 and April 2012 for village 
animal health workers and 25 - 35 farmers in each of the three HI villages. Training was 
conducted by a trained district livestock extension team and involved two days of training 
on large ruminant health and production plus a numbers of farmer 'cross visits' and 
meetings. For the LDP, one extension staff member was assigned to be responsible for five 
villages and involved in on-the-job training and public awareness as well as farmer group 
meetings and cross visits to champion farmers. Posters on FMD, HS and toxocariasis were 
displayed in the meeting hall, temple and primary schools in each of the observed villages. 
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5.3.4. Farmer socioeconomic factors and knowledge, attitudes and practices (KAP) 
surveys 
 
The survey team consisted of district livestock extension workers and the senior author; 
being  the same team that worked on previously reported surveys (Khounsy et al., 2012; 
Nampanya et al., 2010; Rast, Windsor & Khounsy, 2010). The team interviewed the head 
of each household or the primary livestock carer, using the local dialect. Each interview 
took approximately one hour and interviews were completed in up to two days per village. 
The interviews were informal, offering open questions about the topic, followed by 
probing questions to clarify the answers to fill in the information needed in the 
questionnaire. Questions covered farmers’ socioeconomic parameters (farm land areas, 
total large ruminant per household, number of large ruminant sold, introduced, died and 
born) and KAP on large ruminant health, biosecurity and disease risk management for 
FMD and HS. 
 
5.3.5. Examination of FMD and HS records 
 
Information on disease occurrence in the ten surveyed villages was collected monthly by 
district extension staff and sent to the DLF regional office in LBP. The disease records for 
2009 and 2012 were reviewed for this paper. 
 
5.3.6. Data management and data analysis 
 
The survey data were transcribed into spreadsheets in Microsoft Excel 2010.  
Socioeconomic data of each farmer such as income from sales of large ruminants were 
calculated based on total number of large ruminants sold and average price. The annual 
total loss due to mortalities was calculated from the total number of large ruminants that 
died in the 12 months prior to the survey (either from diseases or misadventure) and 
average price that farmers would get if they sold that stock. For the knowledge questions, 
responses were assessed based on answer guidelines developed by the research team. A 
correct answer was given one mark, and an incorrect or an 'I-do-not-know' answer was 
given a zero mark. Scores for each section and the entire interview were added to obtain 
knowledge scores for each interviewed farmer. The knowledge scores were used for data 
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analysis, with farmer attitude and practice answers (yes or no responses) on large ruminant 
health summarised in frequency tables. 
 
Quantitative traits and dichotomous qualitative traits were analysed by restricted maximum 
likelihood (REML) and Chi-square test in the Genstat 14
th
 Edition statistical package 
program. Linearity, homoscedasticity and normality assumptions were checked by viewing 
standardised residues graphics of the quantitative traits on model checking options of 
REML. Comparisons between provinces and village categories were made with a p-value 
of <0.05 indicating significant differences between the observed traits. 
 
 
5.4. Results 
 
The number of farmers interviewed in each surveyed village and province were tabulated 
(Table 5.1).  
 
Table 5.1. Numbers, gender and mean age of interviewed farmers in 2011 and 2012 survey 
by province and village category 
 
 
Province Village category 
LNT BK HP LPB XK HI LI LV 
2011 Survey         
   Total 40 40 39 40 40 60 59 80 
   Female 18   2   3    3 13 10   9 20 
   Male 22 38 36 37 27 50 50 60 
   Mean age (yrs) 42 49 45 43 50 46 48 46 
2012 Survey          
   Total 40 40 35 40 40 55 60 80 
   Female   4 10   2   3   3   4   4 14 
   Male 36 30 33 37 37 51 56 66 
   Mean age (yrs) 40 50 43 41 52 47 45 45 
 
LNT: Luang Namtha; BK: Bokeo; HP: Huaphan; LPB: Luang Prabang; and XK: Xiengkhoung.  
LI: low-intervention village; HI: high-intervention village; LV: Livestock development project village. 
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5.4.1. Socioeconomic data of large ruminant smallholder farmers 
 
There were significant differences in farmer socioeconomic factors between provinces and 
village categories, including total cultivated area, number of large ruminants per household 
and income from sale of large ruminants (Table 5.2). The predicted mean of the total 
cultivated areas per household ranged from 1.3 ha in HP to 3.4 ha in LPB (p < 0.001). The 
predicted mean of number of large ruminants per household was 6 and 13 in LPB and XK 
respectively (p < 0.001) and number of large ruminants in HI, LI and LV villages were 10, 
9 and 6, respectively (p < 0.001). 
 
The mean income from sales of large ruminants ranged from USD 142 in LNT to USD 760 
in HP (p < 0.001) and between the village categories  was USD 621, USD 547 and USD 
225 in HI, LI and LV, respectively (p < 0.001). The mean losses due to mortalities were 
USD 248, USD 252 and USD 44 in HI, LI and LV, respectively (p = 0.001). 
 
Table 5.2. Socioeconomic variables of smallholder large ruminant production in the 2012 
survey by province and village category 
 
 Province Village category 
LNT BK HP LPB XK p
 a 
HI LI LV p
 a 
Cultivated areas (ha/hh)           
  Total   1.9 
 
  3.3   1.3   3.4   2.1 <0.001 
 
   1.7   1.7    3.3 0.02 
 
  Paddy field   0.2 
 
  0.8   0.8   0.9   1.2 <0.001    0.8   0.7    0 8 <0.001 
 
  Upland rice   0.6   0.9   0.2   0.3   0.0 <0.001 
 
   0.2   0.2    0.8 <0.001 
  Forage   0.1   0.5   0.0 
 
  1.0 
 
  0.1 <0.001 
 
   0.5   0.2    0.3 0.001 
 
  Others   0.9   1.0   0.3   1.1   0.8 <0.001    0.3    0.8    1.0 <0.001 
No. large ruminants (head/hh)           
  Total 
 
  6.2   8.7   8.8   6.2 13.0 <0.001 10.5   8.8    6.4 <0.001 
  Female 
 
  4.0   5.9   5.9   4.3    9.2 <0.001    7.1   5.8    4.7 <0.001 
  Cattle 
 
  5.2   3.5   3.5   4.5    9.0 <0.001    5.9   6.2    3.1 <0.001 
  Buffalo 
 
  1.0   5.2   5.2   1.6    4.1 <0.001    4.5   2.5    3.2 <0.001 
  No. calf born 
 
  1.6   1.8   1.9   1.5    2.3 0.006    2.0   2.0 
 
   0.9 <0.001 
  No. animal introduced 
 
  1.0   0.2   0.2   0.8    0.4 <0.001    0.5   0.4 
 
   0.7 0.004 
  No. animal sold 
 
  0.5   0.8   1.6   1.8    1.0 0.02    1.5   1.4    0.6 <0.001 
  No. animal died   0.1   0.2   2.0   0.0    1.1 <0.001    1.0    1.0    0.2 <0.001 
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Incomes and losses from  
large ruminants (USD/hh) 
             
  Incomes 142 369 760 558 450 <0.001 621 547 225 <0.001 
  Losses   47   77 422     4 338 <0.001 248 252   44 0.001 
 
a
 indicates significant different between the mean of each variable (p < 0.05), hh, household. 
LNT: Luang Namtha; BK: Bokeo; HP: Huaphan; LPB: Luang Prabang; and XK: Xiengkhoung.  
LI: low-intervention village; HI: high-intervention village; LV: Livestock development project village. 
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5.4.2. Extension staff training and farmer KAP assessment 
 
The assessment of knowledge scores of livestock extension staff at the end of the training 
workshop series showed generally high knowledge scores, with no significant differences 
in knowledge scores (out of 42) between provinces of 32 - 33 (p = 0.7). 
 
With respect to farmer knowledge scores, the 2012 survey showed that there were 
significant differences both between provinces and village categories, with predicted mean 
of total farmer scores (/42) of 28, 22 and 17 in the HI, LI and LV sites, respectively 
(p<0.001, Table 5.3). Total farmer knowledge scores in XK were significantly higher than 
in the other provinces (p < 0.001). The farmer knowledge scores on the infectious disease 
questions (/24) in HI villages was significantly higher than other sites of 14 (p < 0.001).  
 
Comparison of the 2011 and 2012 surveys revealed that there was no statistical difference 
in total farmer knowledge scores between the provinces and village categories between 
these two years. The total knowledge scores (/42) in LNT, BK, HP, LPB and XK were 17, 
15, 24, 25 and 29 in 2011, and 17, 16, 24, 27 and 28 in 2012, respectively (p=0.4, p = 0.3, 
p = 0.6, p = 0.07 and p = 0.5, respectively). The total knowledge scores (/42) in HI, LI and 
LV villages in the 2011 survey were 29, 24 and 16 and in the 2012 survey were 28, 23 and 
16, respectively (p = 0.5, p = 0.2 and p = 0.9, respectively).  
 
With respect to farmer husbandry practices, the 2012 survey indicated significant 
difference in the proportion of the farmers having their livestock vaccinated for FMD 
between the provinces and village categories (Table 5.4). In the HI, LI and LV categories, 
98%, 100% and 42% of farmers reported that their livestock were vaccinated for FMD (p < 
0.001) and 98%, 96% and 97% of the farmers advised they wish to continue vaccinating 
their livestock for FMD (p < 0.8), respectively. In HI sites, 95% advised that they treated 
their newborn calves for toxocariasis, compared to 44% and 53% in the LI and LV sites (p 
< 0.001). Significant differences were also observed between village categories with a 
higher proportion of farmers in the HI sites practising basic biosecurity measures (Table 
5.4), including quarantine of newly introduced animals for two weeks and separation of 
sick animals (p = 0.001 and p = 0.04, respectively). 
  
144 
Table 5.3. Predicted means of farmer knowledge scores in the 2012 survey by province 
and village category. 
 
 Province Village category 
LNT BK HP LPB XK p
 a 
HI LI LV p
 a 
Parasitic disease questions (/6)   4   3   4   3   4 <0.001   5   4   3 <0.001 
Infectious disease questions (/24)   8 11 11 12 14 <0.001 14 10 10 <0.001 
Nutrition questions (/6)   5   3   3   3   4 <0.001   5   4   2 <0.001 
Reproduction questions (/6)   3   3   3   3   3  0.1   3   3   2 0.001 
Total (/42) 21 21 21 21 26 <0.001 28 22 17 <0.001 
 
 a
 indicates significant different between the mean of each variable (p < 0.05).  
LNT: Luang Namtha; BK: Bokeo; HP: Huaphan; LPB: Luang Prabang; and XK:Xiengkhoung. LI: low-
intervention village; HI: high-intervention village; LV: Livestock development project village. 
 
 
Table 5.4. Farmer attitude and practice responses (%) in the 2012 survey by province and 
village category farmer attitude and practice responses (%) in the 2012 survey by province 
and village category. 
 
 Province Village category 
LNT BK HP LPB XK p
 a 
HI LI LV p
 a 
Vaccinate all cattle for FMD    78   0 96 100 100 <0.001 98 100 42 <0.001 
Vaccinate all buffalo for FMD 100   0 97 100 100 <0.001 98 100 38 <0.001 
Wish to continue vaccinating for FMD      97 97 94   97 100 0.6 98   96 97 0.8 
Treat new born calf for toxocariasis   47 57 66   67   77 0.07 95   44 53 <0.001 
Plant forages   47 60   0   87   30 <0.001 53   27 54 0.04 
Provide night shelter and clean regularly     63   0   9   58   83 <0.001 57   35 31 <0.001 
Separate new introduced for 2 weeks   67 82 82   82   72 0.06 95   70 73 0.001 
Separate sick animals for treatment    92 89 91  90   95 0.8 97   85 90 0.04 
 
a
 indicates significant different between the farmer attitude and practice responses (%) of each variable (p < 
0.05). LNT: Luang Namtha; BK: Bokeo; HP: Huaphan; LPB: Luang Prabang; and XK: Xiengkhoung.  
LI: low-intervention village; HI: high-intervention village; LV: Livestock development project village.  
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5.4.3. Information on infectious diseases 
 
Both the 2011 and 2012 surveys indicated that no major outbreaks of HS and FMD 
occurred in the surveyed villages despite official reports and published information 
indicating outbreaks of FMD occurred widely in northern Laos at that time (Nampanya et 
al., 2010; Rast, Windsor & Khounsy, 2010). In addition farmer reports from villages in HP 
and LPB indicated outbreaks of mortality in cattle and buffalo occurred in 2012 - 2013 and 
were attributed to HS.  
 
5.5. Discussion 
 
These smallholder farmer income and KAP surveys in five northern provinces of Laos 
provide evidence of the positive impact of multiple interventions and farmer learning on 
large ruminant health and production. The expansion of surveyed areas to include  LV 
category sites, enabled comparisons of different approaches to improving farmer KAP and 
including risk management and biosecurity measures for FMD and HS.  
 
There was an increase in numbers of large ruminants per household between the 2009 
baseline survey (Nampanya et al., 2010) and the 2012 survey from 10 to 13 in XK and 
from 9 to 10 HI sites. This exceeds the most recent agricultural census report that indicates 
that northern upland farmers own a herd size of eight large ruminants per household (five 
cattle and three buffalo) and only 10% of the farmers with cattle own a herd size of more 
than ten cattle (Steering Committee for Lao Census of Agriculture, 2012). This increase in 
large ruminant numbers per household was mainly due to an increase in cattle numbers 
rather than buffalo. These trends likely reflect increasing farm mechanisation leading to 
replacement of buffalo kept for draught purposes (Wilson, 2007), low calving rates and 
prolonged inter-calving intervals for buffalo compared to cattle (42 - 52% versus 51 - 
75%), prolonged inter-calving intervals (19 - 21 and 14 - 16 months) for local buffalo 
versus cattle respectively (Nampanya et al., 2014b), plus potentially field observations 
suggesting high rates of slaughter of pregnant buffalo and an apparent increase in local 
export demand for fattened buffalo. 
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The study revealed that farmers in the HI villages had significantly higher income from 
sales of their large ruminants, at an average of USD 621 per household. When asked what 
their increased income was used for, many farmers reported that it was used to pay for 
purchase of a new hand tractor, new bulls and cows, education expenses for children, or 
retained as emergency funds. This is indicative of the use of large ruminants as a ‘step up 
and step out strategy’ to alleviate poverty (Dorward et al., 2009). The high income from 
large ruminants encouraged some farmers in the HI villages in LPB and XK to improve 
animal product quality through forage crops plantation and fattening activities, plus risk 
management through regular vaccinations, increasing the values of cattle and buffalo of 
USD 78 and USD 123 per head over a period of four months respectively (Nampanya et 
al., 2014b).  
 
There was a high average loss due to large ruminant deaths per household in HP and XK 
provinces and in HI and LI villages but not in LPB province or LV category sites. This is 
considered to be due to an unseasonal hypothermia event in March 2011, where over 
10,000 large ruminants died, at an estimated value of USD 2.5 million from losses of 2 - 4 
large ruminants per household (Khounsy et al., 2012). These losses indicate that in addition 
to prevention of TAD risks, smallholder farmers need improved husbandry and nutritional 
management to better prepare for the risk of future climatic events. 
 
The results showed that significant improvement of knowledge scores of TADs can be 
achieved, where farmers in XK province and in HI villages have higher knowledge scores, 
compared with findings from the baseline survey (Nampanya et al., 2010). Insignificant 
difference in knowledge scores between the 2011 and 2012 surveys may reflect retention 
of knowledge from multiple learning opportunities, including applied field research and 
disease awareness through posters and passive information transfer. This supports the 
notion that such learning is potentially sustainable. However the results suggested that 
improving farmer knowledge on complex concepts such as biosecurity (observed in the HI 
sites), requires a combination of these learning opportunities plus specific formal training 
programs, as observed in southern Cambodia (Nampanya et al., 2011).  
 
Despite there being no reports of FMD in the observed villages during the survey periods, 
the risk of FMD remains high and there were numerous outbreaks reported in northern 
Laos and beyond (Nampanya et al., 2013c; Rast, Windsor & Khounsy, 2010). Most of the 
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farmers mentioned that they do not have an appropriate quarantine area although they said 
that they practiced basic biosecurity measures for newly introduced and sick animals. They 
often tethered new or sick cattle and buffalo near their home or in a corner of their paddy 
fields. This indicates that improved husbandry practices of biosecurity and risk of TADs 
requires ongoing support in addition to FMD control through regular vaccination 
programmes. FMD control provides a number of positive benefits for smallholders as 
healthier animals provide a stable source of income, reduced vulnerability to other 
diseases, and the greater likelihood of adoption of more efficient production practices such 
as forage plantation and fattening stalls (Perry & Rich, 2007). 
 
Our study revealed that trained farmers had good perceptions of the benefits of FMD 
vaccination, with 98% of the farmers in the HI villages in the 2012 survey indicating they 
wished to continue vaccinating their cattle and buffalo for FMD. However until recently, 
provision of FMD vaccination in northern Laos has been difficult, involving many 
stakeholders, including donors, the management team, the implementation teams and 
farmers. In the research project areas, the vaccines were provided by the project and time 
was taken to ensure a sufficiently high proportion of the village large ruminant population 
was vaccinated, explaining why a high proportion of the farmers in the HI and LI sites said 
they had had their livestock vaccinated. However there were limited FMD vaccines and 
time for vaccination available in the LV sites (LDP areas) and allocation of vaccines had to 
be managed carefully. With support from Southeast Asia and China FMD (SEACFMD) 
initiative and other major donors, the DLF received 600,000 doses of FMD vaccine in 
2013 for use across the northern provinces and in particular in the recently identified 
hotspot areas in XK and Xayabouli province (Nampanya et al., 2013). 
 
The study demonstrated continuous improvement in husbandry practices. More than half of 
the interviewed farmers in the HI and LV villages in the 2012 survey indicated they had 
planted forages and treated their new born calves for Toxocara vitulorum, indicating 
gradual recognition of the importance of improving nutrition and health of young 
livestock. Improving large ruminant productivity by enhancing farmer knowledge and 
practice of nutrition, husbandry and disease prevention, is an important village-learning 
activity that can encourage smallholder farmers to use large ruminant production as a 
strategy to alleviate poverty (Dorward et al., 2009; Windsor, 2011).  
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An important finding was that despite the importance of introducing multiple interventions, 
vaccination programs with farmer knowledge training was a priority for working with large 
ruminant farmers in northern Laos, followed by forage plantation and nutritional 
management plus parasite control. In northern Laos where FMD is endemic, disease 
prevention and control has been shown to be very important to retain participation in 
research and development programs. Further, interventions do need to be introduced at an 
appropriate pace and using a participatory approach to ensure their acceptance and 
sustainability (Gray, Connell & Phimphachanhvongsod, 2012; Windsor, 2011). Of critical 
importance was the extensive training of the livestock extension staff to build the capacity 
of personnel required to deliver training, plus the time available for staff to work with 
farmers.  
 
This work shows an approach to improve knowledge of smallholders and livestock 
extension staff in large ruminant FMD risk management. Improved public awareness and 
enhanced disease reporting and surveillance were two of the four FMD control strategies 
implemented successfully in the Bicol FMD surveillance zone in the Philippines (Windsor 
et al., 2011). Improved public awareness of FMD control is very important in Laos as 
disease reporting and communications are passive and rely on awareness of the importance 
of disease by local villagers and authorities (Khounsy & Conlan, 2008). In the 2011 FMD 
outbreaks in some villages near the research HI sites in Pakou district LPB province 
(Nampanya et al., 2013), as soon as the village chief and veterinary workers were aware of 
the outbreak, prompt reporting to district staff and senior veterinary officers via mobile 
phone occurred, followed by a swift disease emergency response through the use of 
strategic vaccination and animal movement control. This limited the FMD outbreak to a 
few villages and showed that with improved smallholder awareness of FMD plus 
availability of mobile phones, the current reporting system can provide a timely emergency 
response, provided FMD vaccines, budget and human resources are made available. 
Training of livestock extension staff and farmers on large ruminant health and disease 
emergency response is crucial in ensuring accurate field reporting of these diseases. 
 
Currently, Laos is still on the early stages of the five stages Progressive Control Pathway 
(PCP) for FMD (FAO-EUFMD-OIE, 2011; FAO, 2011a; Rweyemamu et al., 2008a). For 
Laos to move to higher stages on the PCP and successfully control FMD by 2020 (OIE 
Sub-Regional Representation for South East Asia, 2011), it is clear that improvements in 
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public awareness, disease reporting and surveillance, plus strategic vaccination should be 
high priority strategies, particularly with the difficulties of managing animal movement 
control in the region (Windsor et al.. 2011). For greater effectiveness of these FMD control 
strategies, widespread knowledge of the importance of FMD risks and biosecurity is 
required by all stakeholders involved in large ruminant production in the Greater Mekong 
Sub-region, particularly smallholder farmers, livestock traders and livestock extension 
staff. Our survey results demonstrate the potentially important contribution of improved 
large ruminant nutrition, health and husbandry practices in meeting the objectives of the 
PCP for FMD and reducing rural poverty in northern upland Laos.  
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6.1. Abstract 
 
Indigenous yellow cattle (Bos indicus) and Asiatic swamp buffalo (Bubalus bubalis) are 
important livestock species in the Lao People’s Democratic Republic (Laos). Data from 
2011 estimated there was a national herd of 1,586,200 cattle and 774,200 buffalo, with 
average numbers of 5.3 cattle and 3.4 buffalo per farm household, indicating that the 
majority of farm households with large ruminants were smallholders, retaining large 
ruminants as storage of wealth, for sale as meat, as a source of manure fertiliser. Increasing 
demand for bovine meat in both domestic and neighbouring markets, driven by rapidly 
growing economies and urbanisation, offers opportunities for Lao smallholders to gain 
more income from their livestock. However, improving cattle and buffalo production and a 
more sustainable supply of safe beef and buffalo meat, requires that numerous health, 
production, and welfare constraints be addressed, including: prevalence of important 
infectious and parasitic diseases, nutritional deficits particularly in the dry season, 
undeveloped trading, meat processing and marketing systems, limited veterinary and 
extension service capacity, adverse impacts from climate change and cultural practices 
specific to buffalo husbandry, plus policy developments that recognise and adapt to 
changes in land use. Improvement in large ruminant health, processing and marketing, are 
of particular importance as these will enable poor smallholder farmers to participate in 
emerging beef markets and expand other agriculture enterprises, improving rural 
livelihoods and increased food security. This paper identifies the strategic interventions 
that may increase the supply of cattle and buffalo and improve rural livelihoods in Laos 
and the Greater Mekong Subregion. 
 
Keywords: Asiatic swamp buffalo (Bubalus bubalis), food security, large ruminant 
production, Lao PDR, smallholder farmers, yellow cattle (Bos indicus) 
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6.2. Introduction 
 
Lao People’s Democratic Republic (Lao PDR or Laos) is a land-locked country located in 
the Greater Mekong Subregion (GMS), sharing borders with five countries (China, 
Myanmar, Thailand, Vietnam, and Cambodia). There are multiple ethnic groups in Lao 
population of 6.5 million in 2015 (Lao Statistics Bureau, 2016).The majority of the 
population is dependent on agriculture, using natural resources for their livelihoods and 
engaging in livestock, fishery and forestry activities (Ministry of Planning and Investment, 
2011). The agriculture sector contributed approximately 33% of the total national Gross 
Domestic Product (GDP) and employed around 75% of the workforce in 2010 (FAO, 
2012; Ministry of Planning and Investment, 2011). Although rice production dominates the 
agricultural sector and accounts for 40% of land under cultivation (FAO, 2012; Ministry of 
Agriculture and Forestry, 2010), smallholder large ruminant production is increasingly 
important, providing animals and meat for sale or consumption, a storage of wealth, 
fertiliser for crops, and participation in cultural festivities (e.g. bull fighting; Millar & 
Phoutakhoun, 2008), and of decreasing importance, draught power for transport and 
cultivation. Livestock rearing, including cattle and buffalo, provides up to 50% of 
smallholder household annual cash income (ADB, 2005; Nampanya et al., 2014a). 
Improving livestock productivity is an important national goal that can provide foster 
sustainable growth of the economy and reduce rural poverty and food insecurity (Khounsy 
& Conlan, 2008; Nampanya et al., 2010; Windsor, 2011). 
 
However, large ruminant production in Laos remains underdeveloped. Most rural 
households own cattle and buffalo, but are best considered as "keepers” rather than 
“producers” (Millar & Phoutakhoun, 2008; Nampanya et al., 2010). There are multiple 
constraints to more modern production techniques that can lead to optimal productivity, 
including limited availability of land, inadequate nutrition with poor quality fodder (e.g. 
rice straw), major transboundary and endemic diseases, poor husbandry skills, inadequate 
agricultural extension capacity and a low capacity animal health reporting and response 
system (with suboptimal disease surveillance and few outbreak investigations, minimal 
confirmation of disease diagnoses, plus poor disease prevention and control management) 
(Windsor et al., 2012). These constraints and subsistence production attitudes and 
practices, decrease the ability of many Lao farmers to achieve optimal production and 
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increases their vulnerability to both disease and climate shocks affecting their crops and 
livestock (Khounsy et al., 2012; Nampanya et al., 2014b). 
 
Despite recent price decreases for beef cattle, the current rapid rate of economic 
development appears to be continuous in the medium term in Laos and the wider GMS, 
with the expanding domestic and regional markets for food require a more biosecure and 
sustainable supply of safe meat (Nampanya et al., 2014c). Improving large ruminant health 
and production can enable poor rural smallholders to participate in and access these 
growing markets. The likely benefits include improved rural smallholder livelihoods with 
reduction in poverty and food insecurity. A recently published paper has reviewed 
available information on these constraints pertaining to buffalo meat production in Laos 
(Nampanya et al. 2014c). We now update this information and identify remaining gaps in 
knowledge and practices that limit the supply of 'red' meat from both cattle and buffalo to 
the increasing domestic and regional demand. Suitable strategic interventions for 
improvement to assist in achieving a more sustainable food supply in Laos are discussed. 
 
6.3. Meat consumption and opportunities for trade in Lao large 
ruminants  
 
Increasing demand for products from farmed animals has been described as the ‘livestock 
revolution’, and is driven by the expansion of regional economies following  urbanisation 
in rapidly developing countries, particularly China and Vietnam (World Bank, 2013). 
Higher incomes amongst urban consumers have led to diversification of the diet with the 
inclusion of more meat products (FAO, 2012; WHO, 2007). Total meat consumption per 
capita per year in China increased from 43 kg to 58 kg and in Southeast Asia from 18 kg to 
26 kg. Projections are that this will grow at around 3.1% and 3.0% per annum to reach 73 
kg and 30 kg by 2020, respectively (Delgado, 2003; FAO, 2012), although policies 
suggesting limits to meat intake are being discussed. In Laos, total meat consumption per 
capita per year in 2009 was approximately 21kg, with projections to grow around 4.5% 
(FAO, 2012; Ministry of Agriculture and Forestry, 2010). Increasing demand for meat in 
both domestic and neighbouring markets is now being supported by the development of a 
regional road network throughout the GMS (Ministry of Planning and Investment, 2011). 
This provides livestock trading opportunities for many Lao livestock farmers, potentially 
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increasing household incomes from cattle and buffalo trading, particularly if livestock 
productivity can be enhanced (Aris et al., 2013; Nampanya et al., 2014c). 
 
Total meat production per capita increased steadily in Laos and its neighbouring countries 
between 2005 and 2009, with the exception of Thailand (Table 6.1). Total meat production 
in Laos increased from 17.4 kg to 21.3 kg per capita per year between 2005 and 2009 and  
(in that period, bovine meat production was stable at approximately 7 kg per capita (FAO 
2012; Ministry of Agriculture and Forestry 2010; Nampanya et al. 2014c). The Lao 
Agricultural Development Plan of 2011 - 2020 aims for sustainable development, food and 
income security, with the Government of Laos emphasising the need for an increase in 
total meat supply to 40 - 50 kg per capita and a per annum increase of 5% (Ministry of 
Agriculture and Forestry, 2010). Achieving this goal is challenging and requires a systems 
approach with multiple interventions that address deficits in animal health, production and 
processing, plus weak marketing linkages. However, many of these constraints could be 
addressed by knowledge-based interventions and should be to enable smallholder livestock 
farmers to improve productivity and market access (Arias et al., 2013; Nampanya et al., 
2014b; Windsor, 2011).  
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Table 6.1. Meat production in Laos and its neighbouring countries, 2005 - 2009 (kg per 
capita per year) 
 
Countries/  
Total and bovine meat 
Years % change per 
annum 
2005 2006 2007 2008 2009 
Cambodia 
Bovine meat 5.0 5.2 5.2 5.3 5.4 1.6 
Total 16.1 16.1 16.2 16.2 16.6 0.6 
China 
Bovine meat 4.3 4.4 4.6 4.6 4.8 2.3 
Total 53.4 54.4 52.9 56.3 58.2 1.8 
Laos 
Bovine meat 7.1 7.1 7.1 7.5 7.4 0.8 
Total 17.4 18.1 18.5 20.2 21.3 4.5 
Myanmar 
Bovine meat 2.8 3.2 3.4 3.6 3.7 6.4 
Total 23.6 26.8 29.6 32.4 32.1 7.2 
Thailand 
Bovine meat 2.3 2.5 2.7 2.9 2.9 5.2 
Total 27.4 28.4 29.9 27.2 25.8 -1.2 
Vietnam 
Bovine meat 3.0 3.1 3.7 3.9 4.3 8.7 
Total 35.5 38.6 42.5 45.6 49.9 8.1 
 
Source: FAOSTAT 2013 (FAOSTAT online database) 
 
 
Table 6.2. Number of cattle and buffalo 2011 (x000) and their population change (%), 
1999 - 2011 by regions 
 
Region 
Cattle Buffalo 
National 
herd 
% Change 
1999-2011 
 % Change per 
annum (%) 
National 
herd 
% Change 
1999-2011 
% Change per 
annum (%) 
North 355.3  78.9  5.0 211.8  -28.6  -2.8 
Central 958.2  83.5  5.2 355.7  -18.7  -1.7 
South 272.7  37.0  2.7 206.7  -13.3  -1.2 
Total 1,586.2  68.0  4.4 774.2  -21.9  -2.0 
 
Source: Steering Committee for Lao Census of Agriculture 2012. 
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6.4. Trends in the smallholder large ruminant population in Laos 
 
Although estimated numbers of farming households with cattle and buffalo and the 
national large ruminant herd statistics differ slightly, this likely reflects the difficulty in 
obtaining accurate information from livestock smallholders in Laos, due to ethnic 
diversity, low educational standards, and the limited resources available for regular data 
collection. As a consequence, this chapter used data from the most recent Lao Agriculture 
(Census Steering Committee for Lao Census of Agriculture, 2012). The national cattle herd 
increased by 68% (4.4% per annum) from 944,100 in 1999 to 1,586,200 in 2011 (Table 
6.2). The census data also showed that in 2011 farm households with cattle had an average 
of 5.3 cattle, with 58% of these households having a herd size of four or fewer (Steering 
Committee for Lao Census of Agriculture, 2012). 
 
As previously reported (Nampanya et al., 2014c), both the number of farm households with 
buffalo and the numbers of buffalo, declined between 1999 and 2011. Of the 782,800 total 
farm households, 226,400 (29%) kept buffalo with the total buffalo population in 2011 of 
774,200, a decrease by 22% from 1999 (Steering Committee for Lao Census of 
Agriculture, 2012). Of the farm households with buffalo, 78% had a herd size of four or 
fewer, with an average buffalo herd per household of 3.4. The significant reduction in 
buffalo stock is likely due to a number of factors including: replacement of draught 
animals due to increased farm mechanisation, expansion of the regional demand for 
buffalo meat; infectious disease outbreaks, and occurrence of major mortality events due to 
hypothermia, as was reported following an extreme cold exposure event of March 2011 
that resulted the deaths of many thousands of buffalo and cattle (Khounsy et al., 2012). 
Further reduced availability of grasslands from expansion of cash crop plantations is also 
likely to compromised buffalo production, as previously described (Nampanya et al., 
2014c). For instance, rubber and banana plantations in Oudomxay, Luang Namtha, Bokeo 
province may force many buffalo owners to sell some of their stock rather than be fined 
when their stock trespass into cash crop plantations of other farmers. Other reasons for the 
decline in buffalo numbers may include the preferred slaughter and local consumption of 
pregnant buffalo (Khounsy et al., 2012; Nampanya et al., 2015b; Nampanya et al., 2010; 
Windsor, 2011). This latter observation is of potential importance to breeding 
management, as although slaughtering of pregnant animals for meat is prohibited in Laos 
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(Ministry of Agriculture and Forestry, 2008). Slaughtering of pregnant animals is of 
concern as it compromises breeding management through calf wastage and poor 
reproductive rates. Although it has been suggested that smallholder farmers may be 
unaware that their female buffalo are pregnant when sold, soup made from the gravid 
buffalo uterus is considered a delicacy in Laos (Nampanya et al. 2014b). 
 
6.5. Current smallholder large ruminant production in Laos 
 
Smallholder farmers typically manage their large ruminants within a mixed crop-livestock 
system according to the rice cultivation calendar (McDermott et al. 2010; Nampanya et al. 
2014). Three main husbandry systems have been described, including: (1) all year-round 
free-grazing; (2) seasonal free-grazing; and (3) a seasonal daytime free-grazing and 
opportunistic fattening system (Nampanya et al., 2014b). Variations in cattle and buffalo 
husbandry management practices reflect crop-livestock management, availability of land 
resources, seasonal feed availability and farmer knowledge of large-ruminant health and 
production practices (McDermott et al., 2010; Nampanya et al., 2014bc). 
 
There have been few documented studies on smallholder large ruminant production under 
the free-grazing system in Laos until recently, when over 1,500 local cattle and buffalo 
were enrolled in a longitudinal study and production data included body weight, average 
daily gains (ADG), calving rate and calving interval were measured between 2008 and 
2011 (Nampanya et al., 2014b). This study provided evidence of low mean weight (182-
204 kg in cattle and 325 - 357 kg in buffalo) and ADG (55 - 84 g/d in cattle and 92 - 106 
g/d in buffalo). Major variations were noted in body weights and ADG between seasons, 
reflecting the dramatic seasonal availability of feed resources, with animals in a negative 
energy balance during the dry period season from December to May (Nampanya et al., 
2014b). A carcass composition study was recently conducted, indicating carcass weights of 
cattle of 65 - 84 kg compared to 104 - 176 kg in buffalo, with dressing percentages of 39 - 
42% and 37 - 40%, respectively (Nampanya et al., 2015a). These findings on the dressing 
percentage of buffalo and cattle were lower than those reported from neighbouring 
countries in the regions, of between 45 - 50% (Dung et al., 2013; FAO, 2013; 
Uriyapongson, 2013). These differences likely reflects the low level husbandry practices in 
a low input management system in much of Laos (Nampanya et al., 2014ab) 
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Improving Lao cattle and buffalo productivity will be difficult to achieve without provision 
of a more seasonally balanced  supply of nutrients and improved farm management 
strategies (Bush et al.; 2014; Nampanya et al., 2010). Forage crops plantations have been 
promoted to assist smallholder farmers manage feed shortages in the dry season, plus 
provide a resource to commence fattening of large ruminants prior to sale to increase 
animal values. A recent on-farm fattening trial demonstrated that cattle and buffalo in 
fattening stalls (320 and 217 g/d) had significantly greater ADG than those free-grazing 
(40 and 85 g/d), respectively (Nampanya et al., 2014b), encouraging participating farmers 
to continue livestock fattening activities to increase household income. The recruitment of 
other farmers requires their gaining knowledge on the planting, care and harvesting of 
forages, the level of investment required, plus the improved husbandry and basic 
biosecurity practices that are necessary to protect the increased investment. For those with 
available land, capital to invest and willingness to learn, higher returns from fattening 
activities can be used to further strengthen their large ruminant production and other 
livestock enterprises (Dorward et al., 2009). Further investigation on methods of improved 
nutritional and feeding management including silage preservation of forage or use of 
agricultural and industry by-products (Napasirth et al., 2015) for cattle and buffalo calves 
pre- and post- weaning, is recommended. 
 
Improved husbandry practices and nutritional management are increasingly important for 
smallholder farmers to more efficiently manage increasing climate variability and 
potentially worsening environmental degradation. Although buffalo are well adapted to the 
tropics they have less physiological adaptation to extremes of heat than various breeds of 
Bos indicus cattle if unable to access water soaks (Ahmad & Tariq, 2010; Maria & Haeeb, 
2010). Increased climate variability with higher temperatures may well lead to heat stress 
occurring when total body heat exceeds heat loss and thermoregulation fails, resulting in 
excessive heat load and an increase in core temperature (Gaughan et al., 2008). In contrast 
to heat stress, cold stress is another weather shock that can affect large ruminant 
production, as evidenced by a devastating incident of hypothermia in March 2011 that 
affected many villages in northern Laos, resulting in estimated losses of USD 2.5 million 
due to the deaths of over 10,000 cattle and buffalo (Khounsy et al., 2012). Another 
unseasonal cold shock occurred again in February 2016, resulting in over 2,000 cattle and 
buffalo deaths in many villages in northern and central Laos (unpublished reports). Of 
interest, it has been estimated that the impact of climate change due to associated risks with 
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unpredictable floods and drought could lead to 1.1% reduction to the Lao GDP, 
particularly from impacts on the agricultural sector (ADB, 2012; Ministry of Planning and 
Investment, 2011). 
 
6.6. Important endemic diseases of large ruminants and their financial 
costs  
 
Important endemic infections that constrain large ruminant health and production in Laos 
include Foot and Mouth Disease (FMD) and Haemorrhagic Septicaemia (HS), plus the 
parasitic infestations of Toxocara vitulorum and Fasciola gigantica (Nampanya et al., 
2013ab; Rast, 2014; Windsor 2011). Although there are few records of production losses 
due to diseases in Laos, it has been estimated there is a combined mortality rate due to 
FMD and HS of about 10% annually (ADB, 2005). Further, the financial losses from HS 
infection in 1990 involving 7,500 cattle and buffalo mortalities were estimated at USD1.4 
million (Patten et al., 1993). Liver fluke infestation has been estimated to cause annual 
losses between USD26 - USD52 million with a prevalence of between 15% and 26% 
(Copeman & Copland, 2008), yet there is minimal knowledge of the parasite and its 
control by smallholder farmers (Rast, 2014). The endemic nature of these diseases 
negatively influences the production capability of large ruminants through high morbidity, 
increased mortality rates (Rast 2014), slow growth rates and generally low condition scores 
(Nampanya et al., 2013c; Windsor, 2011). 
 
The financial impact of FMD varies between regions and countries depending on the 
production system in which the disease occurs, the size and the degree of re-infection 
risks, the capacity of local authorities to response to the outbreaks (Kitching 2002; 
Nampanya et al., 2013ab) and importantly, negative impacts on trade. Recently, several 
studies have been published that demonstrate the extent of the financial impact of FMD on 
smallholders and illustrate the importance of disease prevention. Case studies in northern 
Laos and southern Cambodia show a reduction in sale values of 30 - 92% of pre-FMD 
values, following FMD infection (Nampanya et al., 2013ab; Shankar et al., 2012; Young et 
al., 2013). The latest estimated financial losses due to outbreaks of FMD in 2011 in Laos 
was over USD13 million at the national level, based on the number of villages that were 
reported with FMD outbreaks. However, when the likelihood of FMD under-reporting was 
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accounted for, the estimated potential financial losses at the national level increased to over 
USD 100 million, being almost 12% of the estimated farm gate value of the national large 
ruminant herd (Nampanya et al., 2015a; Young et al., 2014; Young et al., 2013b). These 
findings indicate that the financial impact of FMD on smallholder farmers is more 
significant than has been generally recognised and research to better understand the 
socioeconomic impacts of the disease in relation to food security and poverty reduction is 
recommended.  
 
6.7. Improvement of smallholder large ruminant health and production  
 
Despite livestock vaccination rates increasing nationally between 1999 and 2011, the 
vaccination coverage rate for cattle and buffalo in Laos is below 60% and is mainly for 
HS, reflecting the low availability of vaccines and veterinary services in Laos where only 
2% of rural villages have access to a veterinary clinic (Steering Committee for Lao Census 
of Agriculture, 2012). However, the occurrence of diseases is not only an indication of low 
vaccination coverage but importantly, reflects absent or inadequate biosecurity practices. 
The concept of biosecurity refers to all the hygienic practices designed to reduce the risk of 
infectious diseases occurring or being introduced into a herd, or a country and includes 
practices designed to control the spread of infectious agents within a herd (Larson 2008). 
The introduction of village-level biosecurity and vaccination programs accompanied by 
farmer knowledge training through farm cross-visits, applied research and 'on the job' 
training, is considered the highest priority, followed by nutritional management, parasite 
control and reproductive management (Khounsy et al. 2012; Nampanya et al., 2010; 
Windsor, 2011). Importantly, the introduction of village-level biosecurity practices should 
be conducted at an appropriate pace using a participatory approach to ensure the 
acceptance and sustainability of the programs (Nampanya et al., 2010). Depending on 
vaccine availability, FMD and HS vaccination should be implemented twice annually, 
preferably before May - June and November - December as these were identified as high 
risk periods for disease transmission (Nampanya et al., 2013ab). 
 
Land and labour availability are also important considerations for individual farmers when 
adopting intervention activities. The average land holding per farm household in Laos in 
2011 was 2.4 ha, with substantial variation between regions and provinces (Steering 
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Committee for Lao Census of Agriculture, 2012) including reductions in natural grazing 
and communal land due to privatisation of land by the state for crash crops (Ministry of 
Agriculture and Forestry, 2010; Thongmanivong & Fujita, 2006).  
 
Harmonisation of government and aid donor support and extension policies that are 
effective at national, provincial and district levels, is crucial for the development of the red 
meat industry in Laos (Nampanya et al., 2014c). There is also a need for formation of 
farmer co-learning and livestock marketing groups for animals and their products, enabling 
the sharing of resources and increasing the ability of smallholders to deal with cattle 
traders. Further, the development of a professional meat processing sector is urgently 
required in addition to attention to critical constraints in large ruminant health, production, 
welfare and trade (Nampanya et al. 2014b; Windsor, 2011).  
 
The transition pathway between livestock keepers and more market-oriented producers, 
requires substantial improvements in farmer knowledge and practices of livestock 
husbandry, disease prevention and marketing (Nampanya et al., 2014c). Of interest to 
attempts to encourage adoption of productivity interventions by smallholder farmers, is the 
finding from a recent survey that identified that women have a significant role in managing 
household finances, with 70% of farmers revealing that the money from the sale of large 
ruminant was kept by women, either the wife or elder female member in the family 
(Nampanya et al., 2014a). This indicates that future extension activities requiring 
consideration of investments from household financial resources should include women. 
Further, public and private investments to achieve continuously improving livestock 
research and extension services, plus substantial human resource development, are critical 
in assisting large ruminant smallholder farmers during this transition period towards a 
more optimal large ruminant livestock productivity system (Windsor 2011). 
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6.8. Conclusions 
 
Improving bovine productivity in Laos requires numerous management constraints to be 
addressed including: health issues (parasites and endemic diseases, particularly fascioliasis, 
toxocariasis and HS control); biosecurity and transboundary disease management 
(particularly FMD); nutritional deficits particularly in the dry season; low reproductive 
performance and absent or poor breeding management; land use issues, high slaughter 
rates of pregnant cows; undeveloped trade and marketing systems; limited veterinary and 
extension service capacity; and importantly, failures in regulatory compliance. The 
development of a professional meat processing sector is urgently required in addition to 
attention to critical constraints in large ruminant health, production, welfare and trade. 
Addressing these large ruminant system constraints is an enormous challenge for Laos. 
However, if substantial progress on these issues can be made, the emerging opportunities 
for leading large ruminant smallholders to develop small to medium sized beef livestock 
enterprises, offers a viable pathway to improve the regional meat supply for Laos and the 
broader GMS. 
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Chapter 7                                                                                                                                      
Conclusions and Recommendations 
 
This research used participatory applied field approach involving epidemiological studies 
and on-farm field research trials. The research has provided substantial information on: the 
financial impact of the most important TADs, being FMD; current smallholder large 
ruminant production parameters; and detailed farmer knowledge, attitudes and practices on 
large ruminant health and production. This information has addressed some of the 
numerous constraints on smallholder large ruminant health and production in Laos. 
 
The financial impact assessment has provided detailed insight into the impact of FMD on 
smallholder farmers compared with previous studies in the region that have largely 
attributed benefits in FMD control to the commercial livestock sector. The assessment 
confirmed that FMD causes significant losses to smallholder farmers and the national 
economy. The financial losses due to FMD per household ranged from USD 381 in XYL 
to USD 1,124 in LPB (p < 0.001), being 16% and 60% of annual household income, 
respectively. The variation in losses between provinces was due to: differences in levels of 
morbidity (highest recorded in LPB), treatment methods (with antibiotic use common in 
LPB), age of animals sold and sale prices. At the national level, this study estimated 
financial losses due to FMD during the recent 2011 epidemics in Laos as approximately 
USD 13.5 million. However, there was a broad range of outcomes if scenarios of under- 
and over - reporting of FMD are considered, these being in the vicinity of USD 103.4 
million and USD 6.4 million, respectively. As the selection process for sites and 
interviewees in the reference studies were necessarily based on convenience selection and 
farmer availability, caution is advised in the interpretation of these findings.  
 
These studies showed that FMD vaccines provided critical protection to large ruminants in 
the project areas. Further FMD ‘hotspot’ identification enables a new FMD control 
strategy to emerge, suggesting that regular vaccination programmes be prioritised in the 
identified ‘hotspots’, particularly where a dense large ruminant population exists and 
animal movements between districts, provinces and countries are common. In addition, 
partial budget analysis of biannual FMD vaccination indicated an average net benefit of 
USD 22 and USD 33 for cattle and buffalo, respectively. The NPV of the FMD vaccination 
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programme in northern Laos was estimated as USD 36.5 million with a BCR of 5.3. The 
potential economic benefit of USD 5.3 for every dollar invested in the vaccination 
programme has encouraged adoption of the current OIE supported strategy of widespread 
FMD vaccination in Laos. However, vaccination alone is unlikely to maintain control of 
FMD in the region, particularly as international borders remain porous to unregulated 
livestock movements. For greater effectiveness of these FMD control strategies, 
widespread knowledge of the importance of FMD risks and how to improve biosecurity 
practices is required by all stakeholders involved in large ruminant production, particularly 
smallholder farmers, livestock traders and livestock extension staff. Further work is 
required and recommended to identify means that can stimulate broad stakeholder interest 
in, and application of, improved biosecurity in Laos and the GMS. 
 
Further, improving the capacity of Laos to conduct participatory epidemiological studies, 
may enhance both the quality and quantity of disease surveillance and reporting, 
contributing to improvements in future economic impact assessments of important TADs 
such as FMD. More in-depth impact analysis that includes determination of indirect costs 
of the disease from revenue forgone, plus larger analyses that includes the outcomes of 
managing multiple diseases, are desirable. Importantly, efforts that achieve improved 
quality and management of disease reporting data from the district, provincial and national 
levels, will likely result in improved quality of economic impact assessments of important 
diseases including FMD, leading to more informed policy decision on disease control 
resource allocation. 
 
The longitudinal study established baseline production parameters of Lao local cattle and 
buffalo, providing evidence of low mean weight and ADG, plus the significant seasonal 
fluctuations of the current production system in northern Laos, with limited feed 
availability in the dry season from December to May. The low ADG in collections 1 - 2, 4 
- 5 and 7 - 8, reflect this seasonal shortage of feed available for grazing. Mean cattle 
weights were significantly higher in HI than that in LI villages, with predicted mean 
weights in HI of 169 kg and 197 kg in data collections 1 and 10, although this data is also 
indicative of the low mature weight of indigenous cattle in northern Laos. Further study on 
mature weights, first calving age and herd age structure of Lao cattle; plus identification of 
strategies to improve these parameters, is recommended. 
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The longitudinal survey conducted during these studies also identified low reproductive 
efficiency of large ruminants in northern Laos. The study reported both low calving rates 
(51 - 75% and 41 - 52%) and prolonged inter-calving intervals (13.6 - 15.7 and 18.6 - 20.6 
months) for cattle and buffalo, respectively. An important observation deserving further 
consideration is that routine reproductive management of large ruminants is generally not 
currently practiced in Laos. Husbandry practices including sex segregation, castration of 
male calves not required for breeding, selective breeding of superior animals and recording 
of joining dates, calving dates, gestation length, weaning practices and other aspects of 
breeding management were rarely observed and such data was unavailable. Improving 
large ruminant reproduction in Laos remains a significant challenge, requiring multiple 
interventions to improve animal health, nutrition and farmer husbandry knowledge of 
modern breeding practices. 
 
The carcass composition study identified that there were significant differences in buffalo 
and cattle predicted mean carcass weights between age classification categories (p = 0.003 
and 0.001) but not in dressing percentages (p = 0.1 and 0.1). The carcass weight of buffalo 
was 104 - 176 kg compared to 65 - 84 kg in cattle, with dressing percentages of 37 - 40% 
and 39 - 42%, respectively. This data is considered relatively low when compared to 
reports of the dressing percentage of buffalo and cattle of 45 - 50% in neighbouring 
countries in the region. Improving the sustainability of the bovine meat supply in Laos 
requires a systems approach involving improvements to animal health and production, 
livestock marketing, plus the critical development of improved slaughterhouse facilities 
enabling a meat processing sector to emerge. This development pathway is of particular 
importance for building the capacity of Laos to reduce food insecurity and alleviate 
poverty of its largely rural smallholder community. 
 
The series of farmer KAP studies showed an improvement in farmer knowledge scores, 
particularly in HI villages, with predicted mean of total knowledge scores (/42) in the 2012 
survey in HI, LI and LV of 28, 22 and 17, respectively (p < 0.001). This suggested that 
improved KAP of large ruminant health and production can be achieved by intensive 
training, although with some farmers yet to apply their knowledge on husbandry and 
biosecurity practices, continued learning support and closed linkage of research and 
development projects to improve extension capacity, is recommended. An important 
finding was that despite the importance of introducing multiple interventions, vaccination 
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programmes with farmer knowledge training was a priority for working with large 
ruminant farmers in northern Laos, followed by forage plantation and nutritional 
management plus parasite control. In northern Laos, where FMD is endemic, disease 
prevention and control have been shown to be very important to retain participation in 
research and development programmes. Of critical importance was the extensive training 
of the livestock extension staff to build the capacity of personnel required to deliver 
training, plus the time available for the staff to work with farmers. 
 
This research shows an approach that can lead to improved knowledge of smallholders and 
livestock extension staff in large ruminant FMD risk management. Improved public 
awareness of FMD control is a very important step for Laos to be able to improve 
smallholder large ruminant production. In addition to improving biosecurity practices and 
FMD control, large ruminant smallholder farmers in Laos have to address numerous 
management constraints including: health issues (parasites and endemic diseases, 
particularly fascioliasis, toxocariasis and HS control); nutritional deficits particularly in the 
dry season; low reproductive performance and absent or poor breeding management; high 
slaughter rates of pregnant cows; undeveloped trade and marketing systems; limited 
veterinary and extension service capacity; and importantly, failures in regulatory 
compliance. Addressing these issues may offer opportunities for leading large ruminant 
keepers to develop small to medium sized livestock production enterprises and is suggested 
as a viable pathway to alleviate rural poverty and improve food insecurity in Laos and the 
broader GMS. 
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Appendices: 
 
Appendix 1. FMD financial impact on large ruminant smallholder questionnaire  
 
This survey is part of a PhD research that aims to collect information on financial impact of FMD endemics 
in the northern Laos. The specific aims of this study is to determine financial impact of FMD outbreaks in the 
region, identifying FMD high risk and hotspot areas and provide strategies for disease control and potentially 
eradication, including incentives for sustainable vaccination control for FMD and FMD financial impacts at 
village level, in three northern provinces of Xiengkhoung, Luang Prabang and Xayabouli 
 
The survey is divided into three parts where different sets of questions will be conducted. At provincial 
(/district) level, head of the livestock section or responsible person about FMD and livestock production in 
each of the selecting province will be interviewed. At each selecting village, the team will interview headman 
and village veterinary worker to get an overview about FMD outbreaks in their village. Affected farmers will 
be selected for the interview to collect information on FMD impact on their livestock production and 
household income. 
 
Target areas: three districts of each selecting provinces are selected based on discussions and consultations 
with Dr Syseng Khounsy using trend and previous FMD outbreaks information for considerations 
 
 
 
 
 
 
1
 completed 
2 
incomplete (another two villages to be surveyed) 
 
Target villages: 4 villages of each selecting district will be selected for the interview based on consultations 
with the local authority and the criteria of: 
 There are a series of FMD outbreaks occurred in the villages in the past five years (2007- 2012) 
 There are high number of large ruminant population in the village 
 There are high large ruminant movement in and out of the village via trading of local traders 
 There is local traders and/or slaughter points present and operate in the village 
 Ethnicity group village (Hmong, Khamu, Lao Tai…etc) 
 Year round assess 
 
Target farmers: 10 farmers (including village headman and village veterinary workers) of each selecting 
village will be selected for the interview based on consultations with village chief and veterinary workers and 
the criteria of: 1) farmers’ livestock have experienced FMD outbreaks in the past five years (2007- 2012), 
and 2) they are willing to participate in the survey 
 
Activity Time Location Stakeholders 
- FMD Financial impact on 
large ruminant smallholders 
study 
- continue to complete the 
survey in the province 
19 -24 May 
 
July 
Xayabouli 
(Pak Lai and Kenthao) 
Xayabouli 
(Bortan and Kenthao) 
Sonevilay & DLF staff 
(Test the survey qs) 
 
Sonevilay & DLF staff 
- Financial impact of FMD 
outbreaks to smallholders 
- continue to complete the 
survey in the province 
July 
 
July - August 
Xiengkhoung 
(Paek and Nonghad) 
Xiengkhoung 
(Phoukhouth) 
Sonevilay & DLF staff  
 
Sonevilay & DLF staff 
- Financial impact of FMD 
outbreaks to smallholders * 
- continue to complete the 
survey in the province 
August 
 
August - September 
Huaphan 
(Add and Xiengkhor) 
Huaphan 
(Sopbao) 
Sonevilay & DLF staff  
* If the survey will be conducted in the province if time and budget are available 
 
Data management: the field data will be kept in the Excel spreadsheet and analysed using Genstat statistical 
program.  
A. Xiengkhoung  B. Xayabouli C. Luang Prabang 
1. Paek
1
 
2. Nongkad
1
 
3. Phoukhouth
1
 
1. Pak Lai
1
 
2. Bortan
1
 
3. Kenthao
1
 
1. Lunag Prabang
2
 
2. Chomphet
2
 
 3. Pak Ou
1
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Provincial/District Level: 
Date of the interview:   _________________________________ 
 
Province Name:    _________________________________ 
 
Name of the interviewed person:  _________________________________ 
 
Responsibility:    _________________________________ 
 
Q. Could you please give us an overview about livestock production in the province? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q. Could you please provide number of animals in the province between 2009 and 2012? (data could be 
sourced from DLF if it is not answered) 
 
Year Cattle (head) Buffalo (head) Pigs (head) 
Total Female Total Female Total Female 
2009       
2010       
2011       
2012       
 
Q. Could you please give us an overview about FMD outbreaks in the province?  
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q. Could you please provide FMD outbreak outbreaks information in your province between 2009 and 2012 
(it is still ok if they can just give the names of district and number of villages that were affected…) 
 
 2009 
No. 
Name of 
district 
FMD 
outbreak 
(yes or 
no 
Total 
no. 
Village
s 
No. 
Affecte
d 
villages 
Time of 
Outbreaks 
No. 
sick 
buffal
o 
No. 
sick 
cattle 
No. 
sick 
pigs 
No. 
death 
buffal
o 
No. 
death 
cattle 
No. 
death 
pigs 
            
            
            
            
            
            
            
            
            
            
 2010 
No. 
Name of 
district 
FMD 
outbreak 
(yes or 
no 
Total 
no. 
Village
s 
No. 
Affecte
d 
villages 
Time of 
Outbreaks 
No. 
sick 
buffal
o 
No. 
sick 
cattle 
No. 
sick 
pigs 
No. 
death 
buffal
o 
No. 
death 
cattle 
No. 
death 
pigs 
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 2011 
No. 
Name of 
district 
FMD 
outbreak 
(yes or 
no 
Total 
no. 
Village
s 
No. 
Affecte
d 
villages 
Time of 
Outbreaks 
No. 
sick 
buffal
o 
No. 
sick 
cattle 
No. 
sick 
pigs 
No. 
death 
buffal
o 
No. 
death 
cattle 
No. 
death 
pigs 
            
            
            
            
            
            
            
            
            
            
 2012 
No. 
Name of 
district 
FMD 
outbreak 
(yes or 
no 
Total 
no. 
Village
s 
No. 
Affecte
d 
villages 
Time of 
Outbreaks 
No. 
sick 
buffal
o 
No. 
sick 
cattle 
No. 
sick 
pigs 
No. 
death 
buffal
o 
No. 
death 
cattle 
No. 
death 
pigs 
            
            
            
            
            
            
            
            
            
            
 
Q. Which districts or areas do you think are either are at high risk for FMD or had FMD outbreaks more than 
one occasion between 2009 and 2012? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q. What are the main factors contributing to high risk of FMD outbreaks in these districts or areas? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q. Each time of FMD outbreaks that do you usually get the information from? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q. How long would you normally take to send your staff to investigate the case? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q. Would you normally collect the samples for the laboratory confirmation? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
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Q. How did you do to prevent and control the FMD outbreaks when it happened in the past? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
Q. Each year how many dose of vaccines or animals that you normally vaccinate for FMD? 
________Dose   
Is that enough?   Yes    NO  (circle) 
_________________________________ _________________________________ 
Q. Do you know where or who to enquire for FMD vaccine and information? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
Q. What/How should we do to prevent or limit FMD outbreaks in the near future? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
Q. Other comments: 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
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Village Level: village headman, village veterinary workers and affected farmers (5-10 farmers per village) 
will be selected for the interview. Weight band will be used to measure each of infected animals during and 
one month after the outbreaks in the village (include value and treatment cost..etc). Socio economic data of 
each interviewed farmers will be collected 
 
For the Headman and village veterinary workers 
 
Date of the interview  _________ 
 
Village Name:  _________  District:  _________  Province 
_________ 
 
Distance from the town _________Km  Near roadside:  Yes  No (circle) 
 
Name of the interviewed person: _________ _________ 
 
Responsibility:    _________ _________ 
 
Gender  (M/F) _________   Age (yrs) _________ 
 
Are there large ruminant traders live and operate in the village  Yes (How many:_____ ) No
 (circle) 
 
Q1. Could you please give us an overview about livestock production in your village? 
 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q2. Do you think animal population in your village has increased or reduced in the last five year? Would you 
able to provide number of animals in the your village between 2009 and 2012 (don’t need to be completed 
get as much information as available) 
 
Yes, it has increased   because ____________________________________________ 
 
No, it hasn’t    because ____ ________________________________________ 
 
 
 
Year Cattle (head) Buffalo (head) Pigs (head) 
Total Female Total Female Total Female 
2009       
2010       
2011       
2012       
 
Q3. Could you please give us an overview about FMD outbreaks in your village? How many times that FMD 
outbreaks occurred in your village between 2009 and 2012 
 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
_______Times of FMD outbreaks occurs between 2009 and 2012 
 
Q4. Could you possible tell us when the last time that an outbreak occurred? 
 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q5. How many were animals introduced prior to the outbreaks and where were they from? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
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Q6. Would you able to give us the source of the infection/ or what do you suspect of the infection source? (if 
they don’t know it’s fine) 
 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q7. Could you please tell us how many large ruminants and small animals were affected? 
 
 Cattle (head) Buffalo (head) Pigs (head) 
Total Female Total Female Total Female 
Sick       
Death       
 
Q8. How many household: 
  _________In the village ?  _________have been affected in the village? 
 
Q9. How did you control the outbreak?  
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q9a. How do you treat infected animals? 
 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q9b. How much does it cost? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q9c. How long does it take to treat each infected animal back to normal? 
 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q9d. How long does it take for each animals to get back to their condition prior to the infection (body 
condition score, weight, value) 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q10. What did you do with the infected carcasses? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q11. When did you report the case to the authority? 
_________________________________ _________________________________ 
_________________________________ _________________________________ 
 
Q12. Were any of livestock in the village vaccinated against FMD? (Circle) 
  
Yes  No 
  
If Yes, how many _________________________________  
If no, why _________________________________ 
 
Do you know where to get the vaccine? 
 
 _________________________________  _________________________________ 
 _________________________________  _________________________________ 
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Q13. Do you think your fellow farmers will be interested to vaccinate animals for FMD if they have to pay 
for the vaccination cost ($2 per dose)? (Circle) 
 
 Yes,   How much are you willing to contribute?__________________________ 
  
No,   Why? _________________________________ 
 
Q14.  What disease gives the signs of illness listed below to cattle or buffalo?  
 Sores on mouth or 
 Sores in tongue or 
 Sores on feet or  
 Sores on udder  or  
 Loss of strength or  
Many cows or buffalo affected at one time       
_____________ (name the disease)  or   I don’t know (circle, if correct answer made go to Q18) 
 
Q.15. Do you know about FMD? 
 Yes   No (go to Q16 if say no or incorrect answer made for Q14) 
 
Q16. How does FMD spread? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q17. What should you do to prevent your livestock from FMD infection spread? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q18. What would you like to know more about FMD? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q19. Other comments: 
_________________________________   _________________________________  
_________________________________   _________________________________  
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Affected farmers: the team will interview affected farmers (5-10 farmers per village). Weight band will be 
used to measure each of infected animals during and one month after the outbreaks in the village (include 
value and treatment cost..etc). Socio economic data of each interviewed farmers will be collected 
 
Date of the interview: __________ Interviewer Name: __________ 
 
Village Name: _________  District: __________ Province _________ 
 
Name of the interviewed person: _________ _________  
 
Gender  (M/F) _________  Age (yrs) _________ 
 
Number of family member:_________total _________Female 
 
Responsibility: _________ _________ _________ 
 
Q1. Could you please give us an overview about your livelihood activity and rank which activity is the most 
important to your family (1 most important and 7 least important) 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
 a. Paddy rice production  _______ 
 b. Upland rice production   _______ 
 c. Large ruminant production  _______ 
 d. Goat Production  _______ 
 e. Pig production   _______ 
 f. Poultry Production  _______ 
 g. Other (Please specify) _______ _______ 
 
Q2. Would you be able to produce enough rice for the family consumption each year?  
Yes  No  (circle) 
     How much do you able to produce this year? _______
 Tone 
 
Q3. What does your family household main cash income come from? (could be per month or year, if he 
cannot tell his income from each category try to work out from his total income first and ask him in term of 
proportion) 
 
 Selling rice  _______ % _______ Kip 
 Selling poultry  _______ % _______ Kip 
 Selling pigs  _______ % _______ Kip 
 Selling goat  _______ % _______ Kip 
 Selling cattle  _______ % _______ Kip 
 Selling buffalo  _______ % _______ Kip 
 Other (please specify)  _______ % _______ Kip 
 Total   _______  _______ Kip 
 
Q4. Could you please provide number of animals that you currently have? (re-state that we don’t collect this 
information to collect tax from his family it is confidential) 
 
 Cattle (head) Buffalo (head) Goats Pigs (head) 
Total Female Calf Total Female Calf Total Female Total Female 
Heads           
 
Q5. Has your cattle and buffalo increased or reduced over the last four or five year? 
 Yes, it has increased  because _______ _______ _______ _______ 
  
No, it has not   because _______ _______ _______ _______ 
 
Q6. Could you possible tell us when did your animals show sign of FMD? 
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_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q.6.a. Between 2009 and 2012, how many times that FMD infection occurred in your livestock? 
_______times 
 
Q7. Last time of FMD outbreak, did you report the case to the authority? 
 Yes (circle)   When _______(days after the infection) to whom _______ 
 No 
 
Q8. Could you please tell us how many of your large ruminants and small animals were affected? 
 
 Cattle (head) Buffalo (head) Goats Pigs (head) 
Total Female Calf Tota
l 
Femal
e 
Calf Total Female Total Female 
No. Animal 
during the 
outbreaks 
          
Sick           
Death           
Age of death 
(yrs) 
          
 
 
Table:  Data collection sheet for sick animals at the time of the interview and same animals will be measured 
one month after (weight measured by measurement tape if it is possible & value determined by local traders 
or VVW) 
Animal 
ID 
Species 
(B/C) 
Sex  
(M/F) 
Age  
(yrs) 
BSC  
(1-
5) 
Weight (kg) 
(if possible) 
Values prior to 
the infection 
(Kip) 
Value 2-3 weeks 
after infection 
(if sold- Kip) 
Present Values 1-
2 months after the 
infection (Kip) 
         
         
         
         
         
         
         
         
         
         
 
Q9. What did you with the death carcass? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q10. If sold, what is the average value of the death animal from the infection? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q11. How many would you normally sell you large ruminant each year? 
  
Number of cattle ____  Average price ____ 
  
Number of buffalo ____  Average price____ 
 
Q12. Did you sell some of your infected large ruminant during the outbreaks?  
  
Yes,  Because? _______ _______ _______ 
    
Did you get a good price? Yes_______No_______ 
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No,  Because? _______ _______ _______ 
 
Q13.  What disease gives the signs of illness listed below to cattle or buffalo?  
 Sores on mouth or Sores in tongue or 
 Sores on feet or Sores on udder  or  
 Loss of strength or Many cows or buffalo affected at one time       
_____________ (name the disease)  or   I don’t know (circle, if correct answer made go to Q15) 
 
Q14. Do you know about FMD? (Circle) 
 Yes  No   If No go to question 16 
Q15. How does FMD spread? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
From Q16 to 22 please circle to select the farmer’s choice 
 
Q16.  FMD can be stopped by selling affected cattle or buffalo  True- False- I do not know 
 
Q17.  Regular vaccination can stop my cattle or buffalo getting FMD  True- False- I do not know 
  
Q18.  Vaccination and antibiotic injection are the same  True- False- I do not know 
 
Q19.  My cattle or buffalo can get FMD if I mix them with newly bought cattle or buffalo. 
        True- False- I do not know 
Q20. Keeping my sick cattle or buffalo away from other animals helps to ensure other cattle or buffalo  
 in the village do not  get sick    True- False- I do not know 
    
Q21. Using the same food and water buckets for sick and healthy Cattle or buffalo is o.k.  
        True- False- I do not know 
Q22.    If I buy cattle from a village where there are many sick cattle and buffalo the bought animals are 
likely to bring disease to my village     True- False- I do not know 
 
Q23. How do you treat FMD infected animals? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q24. Did you treat your FMD infected animals yourself? 
 Yes _______ 
  
 No _______  Who did that for you?_______ _______ _______ 
 
Q25. How much does it cost to treat each infected animals (per day or until they get back to normal)? 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q26. What did you use to treat them? (name and cost?) 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
 Q27. How long did it take to treat each infected animal back to normal? (days) 
________________Days 
 
How many hours per day did you take to care for each sick animals? 
 ________________hours/day/animals 
Q28. How long does it take for each animals to get back to their condition prior to the infection (body 
condition score, weight, value) 
_________________________________  _________________________________ 
_________________________________  _________________________________ 
 
Q29. Did you separate sick animals from the normal herd for the treatment? 
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Yes No 
 
Q30. Each time after you touched or contacted infected animals did you clean yourself and change your 
clothes before going to other areas? 
  
Yes,  How? _______ _______ _______ _______ _______ 
No,  Why? _______ _______ _______ _______ _______ 
 
Q31. Were any of your livestock vaccinated against FMD? 
 Yes  No 
 If Yes,  how many_______  Vaccine provider: _______ _______ _______ _______ 
If no,  why  _______ 
Q32. Do you know where to get the vaccine? 
Yes   Where _______ _______ _______  
 
No 
Q33. Would you be interested to vaccinate your livestock for FMD if you have to pay for the vaccination cost 
($2 per dose)? 
 
 Yes,   How much are you willing to contribute? _______ _______ _______ 
  
No,   Why? _______ _______ _______ _______ _______ _______ _______ 
Q34. Would you want to know more about FMD? 
Yes   Specify _______ _______ _______ _______ _______ _______ ______ 
No   Why? _______ _______ _______ _______ _______ _______ _______ 
 
Q35. Other comments: 
_________________________________  _________________________________ 
_________________________________  _________________________________  
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Appendix 2: Longitudinal baseline production and health of cattle and buffalo survey  
Best Practice Cattle and Buffalo Health and Husbandry in Lao PDR ACIAR 2006/159 
 
Farmer's information 
1. Village name 
.......... .......... .......... .......... 
2. Farmer Name 
.......... .......... .......... 
- Age..........         (yrs) 
3. House ID 
.......... 
 
Large ruminant information 
4. Ear-tag no. 
.......... 
5. Sex 
Male.......... 
Female.......... 
Male castrated .......... 
6. Species 
Cattle.......... 
 
Buffalo.......... 
7. Estimated date of 
birth (months/years 
.......... .......... 
8. Use for 
8.1. Draft.......... 
8.2. Fattening.......... 
8.3. Breeding.......... 
8.4. Other.......... 
9. Original 
9.1 Born in the village.......... 
9.2. Introduced/bought .......... 
10. Date of introduced/bought (month/year) 
.......... .......... 
11. If bought where from 
11.1. Province.......... 
11.2. District.......... 
11.3. Village.......... 
 
Data collection sheet (Collected every 3-4 months) 
Date 
Body 
condition 
Coat 
conditi
on 
Last birth 
(month 
& year) 
Bull 
selection 
(Yes/No) 
Date 
put 
with 
bull 
(month 
& year) 
Weight 
(Kg) 
Height 
(cm) 
Girth 
(cm) 
Width 
(cm) 
Comments, 
observation 
(ie. injury, 
disease, 
external 
parasites) fate 
of animal if no 
longer present 
(dead or sold 
S M F N A 
              
              
              
              
              
              
              
              
              
 
Remark 
 
Body condition: S = skinny, M= Medium, F = Fat 
Coat condition: N = Normal smooth and shine, A = Abnormal (dull; rough faded etc..)  
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Appendix 3 Farmer Knowledge, Attitudes and Practices (KAP) Survey  
 
Aims to: 
 document level of large ruminant production in 25 households per village in 10 villages in 5 
provinces of northern Lao PDR, Xiengkhoung, Luang Prabang and Huaphan, Bokeo and 
Luangnamtha 
 identify the current knowledge, attitudes and practices of Lao farmers on biosecurity, risk of 
transmission of transboundary diseases and large ruminant health and production 
 determine the best methodologies and extension activities and assess their impact when applying a 
village-level biosecurity program to improve the large ruminant health and production system in the 
high intervention’ communities, compared with control intervention’ communities 
 investigate incentives for sustainable vaccination against FMD and HS in non project villages 
 
Interviewer name:/ …………………………………………Date of interview…………………… 
 
A. Farmer Details  
Province …………………………………………District………………………………………… 
 
Village  …………………………………………………………………………………………… 
 
Farmer name .…………………………………………………………………………………………... 
 
Farmer Gender:………………………Farmer age:…………………………………………………… 
 
PART 1 
 
B. Farmer economic data 
1. Total cultivated areas owned 
 Paddy field Upland rice Gardening Forage 
(If grown) 
Others Total 
Area in ha       
 
2. Number of large ruminant owned at present 
 Cattle Buffalo 
Male Female Calf 
<6m 
Male Female Calf 
<6m 
Number (head)       
Number (head) fed forages       
 
3. Number of large ruminant introduced into herd in the last 12 months 
 Cattle Buffalo 
Male Female Calf <6m Male Female Calf <6m 
Number (head)       
Average age (year)       
Average price (kip)       
 
4. Number of large ruminant sold in the last 12 months 
 Cattle Buffalo 
Male Female Calf 
<6m 
Male Female Calf 
<6m 
Number (head)       
Average age (year)       
Average price (kip)       
Total (kip)       
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5. Number of large ruminant slaughtered for family consumption or ceremony in the last 12 months 
 Cattle Buffalo 
Male Female Calf Male Female Calf 
Number (head)       
Value of animal at the time (kip)       
 
6. Number of calves born in the last 12 months 
 Cattle caves Buffalo caves 
Number   
7. Number of large ruminant died in the last 12 months 
 Cattle Buffalo 
Male Female Calf Male Female Calf 
Number (head)       
Value of animal at the time (kip)       
Suspected disease if known       
 
C. Marketing 
8.   What is your main reason for keeping large ruminants? List in order of priority (1 most important, 5 
least important) 
……   For cash 
……   For draught power 
……   For breeding calves 
……   For fattening and sale for meat 
……   For replacing sold animals 
……...For other (specify)….......................................................... 
9.   Put the following in order, from 1 (most common) to 6 (least common), in terms of the most common 
reasons you normally sell your large ruminants?  
……   need the money  
……   good price available  
……   have too many cattle to care for  
……   they cannot have calves (i.e. culling) 
……   they are too old or sick 
……   other reason (specify)………………………………… 
10. Do you usually obtain a quote from more than one trader before you sell your cattle or buffalo?   
 Yes  No       (circle which applies) 
11. Do you know the market price of your cattle or buffalo before you decide to sell your animals?  
 
 Yes  No (circle which applies)  
12. Do you know where your cattle or buffalo are going to when you sell them? 
  Yes No Don’t care (circle which applies)   
If yes, where? (Can circle more than one answer) 
      Cattle      Buffalo 
a.       other province         a. other province 
b.       other country    b. other country 
c.       for local slaughter   c. for local slaughter 
d.       to Luang Prabang     d. to Luang Prabang 
e.       to Vientiane    e. to Vientiane 
f.       other (specify) …..…………   f. other (specify)………………… 
 
PART 2 
 
D. Animal health: parasites (circle which applies) 
 
13. Liver fluke can infect cattle and/or buffalo in my village.  True- False- I do not know 
14. Liver fluke can kill my cattle and/or buffalo   True- False- I do not know 
15. The intestinal worm, Toxocara, can kill many buffalo calves True- False- I do not know 
16. Cattle and buffalo can become infected with worms   True- False- I do not know 
or liver fluke when they graze 
17. Toxocara can be treated by giving medication to calves once True- False- I do not know 
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18. Skin diseases (Mange or fungal diseases) can be   True- False- I do not know treated with 
medication 
 
E. Animal health: infectious diseases 
 
19.  What disease gives the signs of illness listed below to cattle or buffalo?  
 Sores on mouth or  
 Sores in tongue or 
 Sores on feet or  
 Sores on udder  or  
 Loss of strength or Many cows or buffalo affected at one time       
……………. (name the disease)  or   I don’t know (circle) 
20. Do you know about FMD? (Circle) 
 Yes  No   If No go to question 24 
21. How does FMD spread? 
………………………………………………………………………………………………………………  
22. How do you treat FMD? 
……………………………………………………………………………………………………………… 
23. How do you prevent FMD? 
……………………………………………………………………………………………………………… 
24.  What disease gives the signs of illness listed below to cattle or buffalo?  
 Swelling in neck area,  
 Quick and difficult breathing  
 Death, Many cattle or buffalo affected at one time 
……………… (Name the disease) – I don’t know 
25.   Do you know about HS? (circle) 
 Yes  No If No go to question 29 
26.  How does HS spread?  
……………………………………………………………………………………………………………… 
27.  How do you treat HS? 
……………………………………………………………………………………………………………… 
28.  How do you prevent HS? 
……………………………………………………………………………………………………………… 
For question 29 to 55 circle which applies) 
29.  FMD and HS can be stopped by selling affected cattle    
 True- False- I do not know or buffalo 
30.  Regular vaccination can stop my cattle or buffalo getting FMD & HS  
 True- False- I do not know 
31.  Vaccination and antibiotic injection are the same   
 True- False- I do not know 
32.  My cattle or buffalo can get FMD or HS if I mix them newly bought cattle or buffalo. 
  True- False- I do not know with  
33. Giving a vaccination to pregnant cows or buffalos harms them True- False- I do not know 
34. Keeping my sick cattle or buffalo away from other animals helps to ensure other cattle or buffalo in the 
village do not get sick   True- False- I do not know 
35.   Using the same food and water buckets for sick and healthy Cattle or buffalo is o.k    
 True- False- I do not know 
36. If I buy cattle from a village where there are many sick cattle and buffalo. The bought cow or buffalo are 
likely to bring disease to my village True- False- I do not know 
  
F. Nutrition  
 
37. A pregnant cow or buffalo needs as much as twice as much feed as a cow or buffalo that is not pregnant 
 True- False- I do not know 
38.   A cow or buffalo with a suckling calve needs more than twice the amount of food than an animal 
without a calve True- False- I do not know 
39. There is enough grass around the village and on my land to give enough food for my cattle or buffalo all 
year around True- False- I do not know 
40.   An adult cow or buffalo needs about 10 kg of fresh grass each day to keep its weight   
 True- False- I do not know   
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41. The condition score of cattle or buffalo can be used to assess nutritional status    
 True- False- I do not know their  
42. Cattle or buffalo need at least 20 liters of water throughout the day to drink True- False- I do not know 
G. Reproduction 
 
43. A cow can have its first calve when it is two years old  True- False- I do not know 
44 A cow can have a calf every: year, 2 years, 3 years, don’t know  (circle right answer) 
45. All adult cows and bulls are good to breed with   True- False- I do not know 
46. Bull selection can produce better calves    True- False- I do not know 
47. The amount and type of food fed to cows or buffalo during pregnancy will affect the health of the calf 
when born True- False- I do not know. 
48. If my cow is being mounted and is very vocal she is not yet ready for breeding  
 True-False- I do not know 
 
PART 3 
 
H. Vaccination, biosecurity and current practices part 
 
49. Were ALL your cattle over 6months vaccinated against HS and FMD (specific for XK)? 
 -For HS 
 Yes  If yes, when was the last time vaccinated………… 
No   If no, when was the last time vaccinated…… 
If no, what numbers of cattle were vaccinated…… 
   If no, provide the reason…… 
 -For FMD 
 Yes  If yes, when was the last time vaccinated………… 
No   If no, when was the last time vaccinated…… 
If no, what numbers of cattle were vaccinated…… 
   If no, provide the reason…… 
50. Were ALL your buffalo over 6months vaccinated against HS and FMD (specific for XK)? 
 -For HS 
 Yes  If yes, when was the last time vaccinated………… 
No   If no, when was the last time vaccinated…… 
If no, what numbers of buffalo were vaccinated…… 
 If no, provide the reason…… 
 -For FMD 
 Yes  If yes, when was the last time vaccinated………… 
No   If no, when was the last time vaccinated…… 
If no, what numbers of buffalo were vaccinated…… 
   If no, provide the reason…… 
51. Did any of your vaccinated cattle have signs of HS or FMD infection? 
 -For HS 
 Yes  No 
 If No what is the proportion or number…… 
 -For FMD 
 Yes  No 
 If No what is the proportion or number…… 
Don’t know 
52. Did any of your vaccinated buffalo have signs of HS or FMD infection? 
 -For HS 
 Yes  No 
 If No what is the proportion or number…… 
 -For FMD 
 Yes  No 
 If NO what is the proportion or number…… 
Don’t know 
53. Are you happy with the vaccination programs? 
 Yes  No 
  If no please give reasons………………………. 
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54. Would you continue to vaccinate your large ruminants for HS if you have to pay for the cost yourself 
(3,000kip)? 
 Yes  No 
  If no please give reasons……………………… 
  If yes who will do for you 
   - I’ll do it myself 
   - I’ll ask other farmers to do it for me 
   - I’ll ask VVW to do it for me 
   - Other  Please Name: …… 
55. Would you continue vaccinate your large ruminants for FMD if you have to pay for the cost yourself 
(10,000kip)? 
 Yes  No 
  If no please give reasons…………………….. 
  If yes who will do for you 
   - I’ll do it myself 
   - I’ll ask other farmers to do it for me 
   - I’ll ask VVW to do it for me 
   - Other  Please Name: 
57. I isolate newly introduced animals for 2 weeks before introducing to the herd 
 Yes  No 
 Give reasons for your decision……………………….. 
58. Once any of my large ruminants becomes sick I separate it from the herd for treatment 
 Yes  No 
59. I give treatment for Toxocara for my new born calf (less than 4 weeks) 
 Yes  No 
 If yes, what kind of medicine………………………….. 
60. I built fattening pens and do fattening activity 
 Yes  No 
61. Do you remove manure from the fattening pen  
 If yes, how often……… 
 No 
62. Do you remove manure from the cattle house  
 If yes, how often……… 
 No 
63. Do you think that castration of unwanted male large ruminants for reproduction control 
 Yes  If yes, what age…..…… 
 No 
64. Any comments on large ruminant health, disease outbreaks and vaccination programs 
……………………………………………………………………………………………………  
……………………………………………………………………………………………………  
 
THANK YOU FOR PARTICIPATING! 
